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FOREWORD 
This report  summarizes t h e  results of t h e  Hypersonic Research F a c i l i t i e s  Study 
Phase I11 e f f o r t  performed during t h e  period from 2 January 1970 through 26 June 1970 
under National Aeronautics and Space Administration Contract NAS2-5458 by IIIcDonnell 
Aircraf t  Company, (MCAIR) ,  S t .  Louis, Missouri, a divis ion of McDormell Douglas 
Corporation. 
The study w a s  sponsored by the  Office of Advanced Research and Technology 
with Mr. Richard H. Petersen a s  Study Monitor and Mr. Hubert Drake as a l t e r n a t e  
Study Monitor. 
Mr.  Charles J. P i r r e l l o  w a s  Manager of  t h e  HYFAC project  and M r .  Paul k .  Czysz 
was Deputy Manager. The study w a s  conducted within MCAIR Advanced Engineering, 
which is  directed by M r .  R. H. Bel t ,  Vice Presidenf,, A i rc ra f t  Engineering. The 
HYFAC study team w a s  an element of t h e  Advanced Systems Concepts project  managed by 
Mr. Earold D. Altis. 
The Phase I11 analysis of Research Requirements and F a c i l i t y  Po ten t i a l  p r i m s i l y  
inwlved  quant i f icat ion of t h e  value of t h e  candidate research f a c i l i t i e s  &t t h e  
Research Task l eve l ,  and consolidation of t h e  research requirements defined i n  t h e  
e a r l i e r  phases of t h e  study. 
This i s  Volume I V Y  Par t  3 of t h e  ove ra l l  HYFAC report ,  which i s  organized as 
follows : 
Volume I 
Volume I1 
Volume I11 
Volume I V  
Volume V 
VolUItlc V I  
Summary 
Phase I Preliminmy Stud5es 
Part  1 - Research Requir-mc..r.cs and Ground 
F a c i l i t y  Synthesis 
Pa r t  2 - Fligh-t, Vehicle S:rnthesis 
Phase I1 Parametric Studies 
P a r t  1 - Research RequireEsnfs and Ground 
F a c i l i t y  Synthesis 
Par t  2 - Flight  Vehicle Sy:;t. i e s i s  
Phase I11 Final  Studies 
Par t  1 - Flight  Research F a c i l i t i e s  
Part  2 - Ground Research F a c i l i t i e s  
Par t  3 - Research Requirements AndLysis and 
F a c i l i t y  Po ten t i a l  
Limited Rights Data 
Operational System Chmac te r i s t i c s  
NASA CONTRACTOR 
REFORT NUMBER 
CR 114322 
CR 114323 
CR 114324 
CR 114325 
CR 114326 
CR 114327 
CR 114328 
CR 114329 
CR 114330 
CR 114331 
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This vork vas performed by an Aircraft Advanced figineeriaq study team w i t h  
Ckrles J. Pirrello as Sti1d.y Yanager. 
The folloving contribi1t.d siqniiicantly to the contei,t.s of this volume: 
3. D. Dighton Systems Analysis 
2. E. Bay plight Test  Methods 
R. D. Hardin 
J. L. Schudei 
Ground Test Methods and Ground 
Facility Capability 
Research Requirements and Facility 
Research Value Evaluation 
J. W. Sinnett Research Faciiity Capability 
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The prirsrv objective of the Hypersonic Research Fac i l i t i e s  Stuqv is t o  assess 
t h e  research requirements for m r s o n i c  aircraft and define several desirable 
hypersonic research facilities based on these requirements. Assessment of hy-per- 
sonic research requirements and evaluation of t he  potent ia l  of several a t t r ac t ive  
facilities t o  sat isfy these r-tquirements is suaa r i zed  i n  this volme. 
HYFAC study results include def ini t ion of t h e  JLajor Research Tasks applicable 
t o  operational %ypersonic systems, design of two a t t r ac t ive  f l i gh t  research vehicles 
and five conceptual ground research f a c i l i t i r  
individual f a c i l i t y  capabili ty t o  a c c a p l i s h  tne  ident i f ied Research Tasks. 
and quantitative evaluation of 
m r s o n i c  research requirements vere established through unique decision- 
theory techniques applied t o  a systenatic m e y  involving 66 llAsA, USAF, and MCAIR 
technical specialists. 
in t r ins ic  value, or  re la t ive  importance, of each Research Task. 
This survey forred the basis for  t he  establishaent of the  
F’acility capabili ty assessaent is based on the degree of sircllation provided 
by the candidate research facilities, relative t o  the simulation requirements 
judged t o  sa t ise  the intent  of t h e  Research W k s .  
fore, primarily dependent on t he  character is t ics  of t he  candidate research facilities 
jeveloped in  t h i s  study. 
outputs of the  year-long design i t e r a t ion  and refinement. 
Fac i l i ty  capabi l i ty  is, there- 
Two extremely attractive f l i g h t  research vehiclos are 
o a Mach 6 turboramjet--mvered, conventional ving-body a i r c ra f t  
o a Mach 12 rocket-powered, air launched, all-body trehicle 
Both of these vehicles are designed 5 t h  provisions for  ins ta l la t ion  of options t o  
accap l i sh  focused investigation of particular areas of research. 
facilities dei -.loped during the study include: 
Candidate ground 
0 a pclysonic gas dynamic f a c i l i t y  (Mach .5 t o  8.5) 
o a hypersonic impulse gas dynamic tunnel (Mach 8 t o  13) 
o a caapaund tubamachinery engine f a c i l i t y  v i t h  clean air  capabili ty 
t o  Mach 5.5 
o a dual-mode ramjet engine f a c i l i t y  v i t h  equivalent energy simulation 
t o  Mach 11 
o an integrated s t ructural / f luid systers research f a c i l i t y  incorporating 
thermal, mechanical, .&oustic, a l t i t ude  simulation, and cryogenic flow 
capabili t ies.  
The conceptual ground research f a c i l i t i e s  have a ccnplementary capabili ty,  as con- 
t-ted t o  t h e  f l ight  research vehicles vhich arc shown t o  provide uniquely 
different as w e l l  as overlapping research capabi l i t ies .  
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The measure o f  candidate fac i l i ty  research po ten t i a l  is  expressed as F a c i l i t y  
Research Vslue, t h e  product of  task i n t r i n s i c  valucs 2 a c i l i t y  caqab i l i t i e s .  I n  
general, t h e  F a c i l i t y  Research Value3 of t h e  candidste f l i g h t  research vehicles a r e  
about 2.0 t o  2.5 times t h e  research value of  combined ex i s t ing  ground f a c i l i t i e s .  
Although t h e  6:ound f a c i l i t i e s  can contr ibute  t o  research p a t e n t i a l  only i n  spec i f i c  
technological areas, they are capable of an improvement of about f i f t y  percent over 
t h e  combiaed capab i l i t y  of similar ex i s t ing  f a c i l i t i e s .  
A l l  of t h e  cardidate  research f a c i l i t i e s  are capable cf contr ibut ing t o  in- 
depth research i n t o  s p e c i f i c  technological areas. The f l i g h t  research vehicles ,  
however, provide a breadth o f  research p o t e n t i a l  which c u t s  across technological 
area boundaries and allows examination of vehicle  configuration interact ions.  
A t y p i c a l  high-priority research program, involving scramJet development and 
integrat ion,  w a s  evdiated using t h e  Research Objectives and test methods defined i lr  
t h e  stuL7. 
research f a c i l i t i e s ,  f o r  less than 100 mi l l i on  do l l a r s .  
"his t y p i c a l  research p r o g r m  can be conducted, using t h e  candidate 
A dominant observation of t h e  study is t h a t  research f a c i l i t y  development leaci 
t i m e  has a maor i m p a c t  on t h e  successful accanplishment cf Research Objectives. 
Much of t h e  required research i s  o f  su f f i c i en t  crmplexity, and 2ossesses uniform 
app l i cab i l i t y  t o  all po ten t i a l  operaLional hypersonic systems, t h a t  a research 
program must be s t a r t e d  soon t o  s a t i s f y  projected requirements i n  t h e  1980's. 
instance,  considering a f l i g h t  research program t o  e s t a b l i s h  t h e  confidence t o  
proceed with development of an operat ional  system, a minimum o f  f i f t e e n  years would 
elapse between research vehicle  go-ahead and introduction of ~3 aperat ional  system 
capab i l i t y  . 
For 
REPORT MDC A0013 2 OCTOBER 1970 
VOLUME PART 3 
TABLE OF CONTENTS 
Section- %E 
1 . INTRODUCTION . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1-1 
2 . APPROACH . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2-1 
3 . RESEARCHTASKS . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3-1 
4 . METHODS OF ACCOMPLISHING RESEARCH TASKS . . . . . . . . . . . . . . . .  4-1 
4.1 Flight Research Vehicles T e s t  Methods . . . . . . . . . . . . . .  4-1 
4.1.1 Flight T e s t  Plans . . . . . . . . . . . . . . . . . . . . .  4-1 
4.1.2 Cost of Performing Research . . . . . . . . . . . . . . . .  4-16 
4.2 Ground Faci l i ty  Test Methods . . . . . . . . . . . . . . . . . . .  4-17 
4.2.1 Data Required . . . . . . . . . . . . . . . . . . . . . . .  4-18 
4.3.2 Models and Test Specimens . . . . . . . . . . . . . . . . .  4-19 
4.2.3 Test Quipiuent and Subsystems . . . . . . . . . . . . . . .  4-19 
4.2.4 Instrumentation . . . . . . . . . . . . . . . . . . . . . .  4-21 
4.2.5 Applicable Research Tasks . . . . . . . . . . . . . . . . .  4-21 
4.2.6 Cost of Performing Research . . . . . . . . . . . . . . . .  4-21 
4.2.7 Faci l i ty  Uti l izat ion Considerations . . . . . . . . . . . .  4-22 
5 . DESCRIPTION OY RESEARCH REQllREMENTS AND FACILITY CAPABILITY 
5.1 hesearch Task In t r ins ic  Values f o r  Operational System C 1  . . . . .  5-1 
5.2 Fac i l i ty  Capability t o  Accmplish Research Tasks for  Operational 
System ~1 . . . . . . . . . . . . . . . . . . . . . . . . . . . .  5-6 
5.3 Fec i l i ty  Reseerch Value f o r  Operational System C 1  . . . . . . . .  5-11 
ANALYSES . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  5-1 
6 . FLIGHT VEHICLE RESWCH POTENTIAL . . . . . . . . . . . . . . . . . . .  
6.1 Research VehiclejQerational Vehicle Comparisons . . . . . . . . .  
6.2 Potent ia l  of Basic Research Aircraft . . . . . . . . . . . . . . .  
6.2.1 Research Potential  Characterized f o r  Operational 
System L2 . . . . . . . . . . . . . . . . . . . . . . . . .  
6.2.2 Xesearch Potent ia l  Characterized f o r  Operational 
6.2.3 Research P o t e n t i d  Characterized f o r  Operational 
System Ml . . . . . . . . . . . . . . . . . . . . . . . . .  
6.2.4 Research Potent ia l  Characterized fo r  Operational 
System M2 . . . . . . . . . . . . . . . . . . . . . . . . .  
6 .3  Potential  of Research Aircraf t  Enhanced by Options . . . . . . . .  
6.4 FocLised Research Potent ia l  fo? Mach 6 Vehicle Options . . . . . .  
6.5 Focused Researc I Potect ia l  for  Mach 12  Vehicle Options . . . . . .  
6.5.1 Focused Research P o t e n t i d  f o r  Operational System L2 . . .  
6.5.2 Focused Research Potentia: f o r  Operational System C 1  . . .  
6.5.3 Focused Research Potent ia l  fo r  Operational System KL . . .  
6.5.4 Focused Research Potent ie l  fo r  Operational System M2 . . .  
System c1 . . . . . . . . . . . . . . . . . . . . . . . . .  
6-1 
6-1 
6-3 
6-4 
6-5 
6-7 
6-8 
6-8 
6-9 
6-11 
6-11 
6-1 4 
6-1 4 
6-16 
REPORT MDC A0013 2 OCTOBER 1970 
VOLUME Ip PART 3 
TABLE OF CONTENTS (Continued) 
Section 
7. GROUND FACILITY RESEARCH POTENTIAL . . . . . . . . . . . . . . . . . 7-: 
7.1 Comparison of New Ground F a c i l i t i e s  with Exis t ing F a c i l i t i e s .  . . 7-j 
7.1.1 Polysonic Gas Dynamic Research F a c i l i t y  ( G D X :  . . . . . . 7- 
7.1.2 Hypersonic Impulse Gas Dynamic Research Faci l iby (GD’i) . . 7- 
7.1.3 Compound Turbomachinery Engine Research F a c i l i t y  (E20) . . 7-: 
7.1.4 Dual Mode R a m j e t  Engine Research F a c i l i t y  (E91 . . . . . . 7-‘ 
7.1.5 In tegra ted  Structures/Fluid Systems Research F a c i l i t y  
(s20 1. . . . . . . . . . . . . . . . . . . . . . . . . . . 7-’ 3 
7.2 Focused Research Po ten t i a l  f o r  New Grmnd F a c i l i t i e s .  . . . . . . 7-16 
7.3 Ground F a c i l i t y  Summary . . . . . . . . . . . . . . . . . . . . . 7-15 
8. INTERPRETATION OF RESURCH POTENTIAL RESUL’X’S . . . . . . . . . . . . . 8-1 
8.1 Research Requirements Survey. . . . . . . . . . . . . . . . . . . 8-1 
8.2 F l igh t  Vehicle Research Value Sunmary . . . . . . . . . . . . . . 8-3 
8.3 Ground F a c i l i t y  Research Value Summary. . . . . . . . . . . . . 8-6 
8.4 Requirements for a Typical High-Priority Program. . . . . 8-9 
8.5 Research Po ten t i a l  Comparisons of Ground F a c i l i t y  Combinations 
and Fl ight  Vehicles . . . . . . . . . . . . . . . . . . . . . . . G - i - 3  
9. OBSERVATIONS.. . . . . a . - . . . . . . . . * 9-1 
APPENDIXA. . . . . . . . . . . . . . . . . . . . . . . . . . . . - . A - 1  
A . l  Eesearch Task l n t r i n s i c  Values. . . . . . . . . . . . . . . . . . A-1 
A.2 F a c i l i t y  Capabi l i t i es  . . . . . . . . . . . . . . . . . . . . . . A-5 
A . 3  F a c i l i t y  Research Values. . . . . . . . . . . . . . . . . . . . . A-27 
L i s t  of TaRes 
T i t l e  Page 
F x n t i s p i e c e  
i through x 
1-1 throughl-4 
2-1 through 2-4 
3-1 through3-30 
5-1 through 5-16 
6-1 through6-13 
8-1 through 8-20 
9-1 through 9-4 
A-1 through A-48 
4-1 th ro~ghk-42  
7-1 thrOwh7-22 
REPORT MDC AM13 2 OCTOBER 1970 
VOLUME Ip PART 3 
Figure 
2-1 
4-1 
4-2 
4-3 
4-4 
4- 5 
5-1 
5- 2 
5-3 
5-4 
5-5 
5-6 
6-1 
6-2 
6-3 
6-4 
6- 5 
6-6 
6-7 
6-0 
6-9 
6-10 
6-11 
6-12 
7-1 
7- 2 
7-3 
7-4 
LIST OF ILWSTRATiaNS 
T i t l e  . Page 
Fac i l i t y  Research Value Development . . . . . . . . . . . . . . . . .  2-2 
Fl ight  Test Plans f o r  Research Task Accomplishment (Mach 12 
Research Vehicle ) . . . . . . . . . . . . . . . . . . . . . . . . . .  4-2 
Fl ight  Test Plans f o r  Research Task Accomplishment (Mac:) 6 
Research Vehicle ) . . . . . . . . . . . . . . . . . . .  . . . . . .  4-8 
Phase I11 Ground F a c i l i t i e s  . . . . . . . . . . . . . . . . . . . . .  4-17 
Research Task Correlation with Testing Requir2ments . . . . . . . . .  4-27 Experimental Ground Research MethoL . . . . . . . . . . . . . . . .  4-25 
Research Requirements and F z c i l i t y  Capabili ty Analysis . . . . . . . .  5-2 
Derivation of I n t r i n s i c  Values . I l l u s t r a t i v e  Example . . . . . . . .  5-4 
F a c i l i t y  Zapabi l i t ies  f o r  Operational System C 1  . . . . . . . . . . .  5-8 
Computation of Focused Fac i l i t y  Research Value . I l l u s t r a t i v e  Example 5-12 
Fac i l i t y  Research Values f o r  Operational System C 1  . . . . . . . . . .  5-13 
Research Task I n t r i n s i c  Values . Operatlonal System C1 . . . . . . .  5-5 
HYFAC Flight  Research Vehicles Allov Full Exploration of :.he 
Operational Vehicle Fl ight  Prof i les  . . . . . . . . . . . . . . . . .  
Flight  Research Vehicles I i c r e s e  Research Potent ia l  over Existing 
Ground F a c i l i t i e s  . . . . . . . . . . . . . . . . . . . . . . . . . .  
A Mach 6 Research Vehicle has a Large Research Value Advantage 
f o r  a Mach 6 Operational System . . . . . . . . . . . . . . . . . . .  
A Turboramjet Mach 6 Research Vehicle S a t i s f i e s  Most Research 
Requirements f o r  a Mach 4.5 1nt.erceptor . . . . . . . . . . . . . . .  
A Scramjet Added t o  the  Mach 12  Researcil Vehicle S igni f icant ly  
Increases i ts  Value f o r  a Scramjet-Powered Operational System . . . .  
A l l  Mach 6 Fl ight  Research Options Show Modest Improvement i n  
Fac i l i t y  Besearch Value . . . . . . . . . . . . . . . . . . . . . . .  
Focused Research Provides Rnphasis f o r  Those Tasks Relevant t o  
Each Mach 6 Vehicle Option . . . . . . . . . . . . . . . . . . . . . .  
Relative Focused Research Value Contribution of Scramjet Options 
is Infiuenced by Operational System Cruise Propulsion . . . . . . . .  
Airbreathing Propulsion Options S igni f icant ly  Improve Focused 
Research Potent ia l  fo r  Operational System L2 . . . . . . . . . . . . .  
Focused F a c i l l t y  Research Potent ia l  f o r  Operational System C 1  
Modest Improvement i n  Focused Research Value is Obtained by 
Major Research Goals f o r  Scramjet Operational Vehicle can be 
Attained with S J / C S J  Options . . . . . . . . . . . . . . . . . . . . .  
is Enhanced by All Options . . . . . . . . . . . . . . . . . . . . . .  
A l l  Options f o r  OperationaL System M l  . . . . . . . . . . . . . . . .  
6-2 
6-5 
6-6 
6-7 
6-9 
6-10 
6-11 
6-12 
6-13 
6-15 
6-16 
6-17 
Polysonic Gas Dynamics Research F a c i l i t y  . . . . . . . . . . . . . . .  7-2 
Versat i le  New Gas Dynamic F a c i l i t y  Increases Hypersonic Research 
Potent ia l  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  7-3 
Hypersonic Impulse Gas Dynamic Research F a c i l i t y  . . . . . . . . . . .  7-4 
New Hypersonic Tunnel Increases Research Potent ia l  f o r  Applicable 
Operational Systems . . . . . . . . . . . . . . . . . . . . . . . . .  7-5 
REPORT MDC A0013 2 OCTOBER 1970 
VOLUME IP a PART 3 
LIST OF ILLUSTRATIONS (Continued) 
Figure  
7- 5 
7- 6 
7-7 
7- 8 
7-9 
7-10 
7-11 
7-12 
7-13 
7-14 
7-15 
7-16 
7-17 
3-1 
a2 
a3 
a4 
8- 5 
8-6 
8-7 
8-8 
8-9 
0-10 
8-11 
9-1 
9-2 
A- 1 
A-2 
A- 3 
A- 4 
A- 5 
A-6 
A-7 
T i t l e  Page 
Compound Turbomachinery Engine Research F a c i l i t y  . . . . . . . . . . .  '(-6 
New "urbine/Ramjet Engine T e s t  F a c i l i t y  Improves Research Capabili ty 
Across Operational Spectrum . . . . . . . . . . . . . . . . . . . . . .  7 .. 
Dual Mode Ramjet  Engine Research F a c i l i t y  . . . . . . . . . . . . . . .  -/-($ 
New Ramjet Engine T e s t  F a c i l i t y  Shows Dornhmnt Improvement for 
Integrated Structures/Fluid Systems Research F a c i l i t y  . . . . . . . . .  7-11 
New Structures  F a c i l i t y  Increases Research Po ten t i a l  Over Existing 
I d e n t i f i c a t i o n  of Focused Reseaxch Requirements . . . . . . . . . . . .  7-13 
Focused Research Values Show a Need For a G a s  Dynamic F a c i l i t y  Mix 
at  Higher Speeds . . . . . . . . . . . . . . . . . . . . . . . . . . .  7-14 
Focused F a c i l i t y  Research Values f o r  Yngine Test F a c i l i t i e s  
Reflect  Degree of Environmental Simulation f o r  Operational Systems . . 7-16 
Conceptual S t r u c t u r a l  T e s t  F a c i l i t y  is  Highly Effect ive f o r  
Focused Research Tasks . . . . . . . . . . . . . . . . . . . . . . . .  7-17 
New Aerodynamic T e s t  F a c i l i t i e s  Cover En t i r e  Operational Vehicle 
F l igh t  Spectrum . . . . . . . . . . . . . . . . . . . . . . . . . . . .  7-19 
New Engine T e s t  F a c i l i t i e s  Enable High Confidence Verif icat ion 
Throughout t h e  Operational Envelope . . . . . . . . . . . . . . . . . .  7-20 
Integrated Structures/Fluid Systems Research F a c i l i t y  . . . . . . . . .  7-21 
. . . . . . . . . . . . . . .  Scramjet-Powered Operational Systems 7-9 
B a s e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  7-12 
Research Requirements Survey Weighting of Technological Areas . . . . .  5-3 
Flight  Vehicle Res.. arch Value Summary . . . . . . . . . . . . . . . . .  9-5 
Ground F a c i l i t y  F?search Value Summary . . . . . . . . . . . . . . . .  8-7 
Development Plan f o r  Typical High-Priority Program . . . . . . . . . .  8-12 
Operating Costs t o  Accomplish Research . f o r  Scramjet Development . 
and Airframe Integrat ion . . . . . . . . . . . . . . . . . . . . . . .  ?-I 3 
F a c i l i t y  Contributions t o  Operational System L2 . . . . . . . . . . . .  8-15 
Research Program Comparisons f o r  Operational System L2 . . . . . . . .  8-15 
F a c i l i t y  Contributions t o  Operational System C 1  . . . . . . . . . . . .  0 7  .- 16 
Research Program Compe-risons f o r  Operational C 1  . . . . . . .  . . .  8-16 
iiesearch Program Comparisons f o r  Operational System M l  . . .  . . .  8-1.6 
Research Program Comparisons f o r  Operational Systen M2 . . . .  . . 8-18 
F a c i l i t y  Acquisition Cost and Time Summary . . . . . . . . . . . . . .  9-2 
Five-Year Lead Time i s  Needed f o r  Hypersonic Resezrch F'rogram t o  
Impact Operational .? yster; Devdopment Cycle . . . . . . . . . . . . . .  9-2 
Research Task I n t r i n s i c  Values f o r  Operational System I 2  . . . . . . .  A-2 
Research Task I n t r i n s i c  Values f o r  Operational System M1 . . . . . . .  A-3 
Research Task I n t r i n s i c  Values for Operational System M2 . . . . . . .  A-4 
F a c i l i t y  Capabi l i t ies  f o r  Operational System L2 . . . . . . . . . . . .  A-6 
F a c i l i t y  c a p a b i l i t i e s  f o r  Operational System M l  . . . . . . . . . . . .  A-9 
F a c i l i t y  Capabi l i t ies  f o r  Operatima1 System M2 . . . . . . . . . . . .  A-12 
F a c i l i t y  Capabi l i t ies  f o r  Operational System L2 - Flight  Vehicles 
WithOptions . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  A-15 
REPORT MDC AM13 2 OCTOBER 1970 
\tOLUME Ip PART 3 
LIST 5% IUUSTRATIONS (Continued) 
F i v e  T i t l e  
A-a 
A-9 
A-10 
A-11 
A-12 
A-13 
A-14 
A-15 
A-16 
A-17 
F a c i l i t y  Capabi l i t i es  f o r  Operation& System C1 - Fl ight  Vehicles 
With Options . . . . . . . . . . . . . . . . . . . . . . . . . . . . . A-18 
F a c i l i t y  Capabi l i t i es  f o r  Operational System M l  - Fl ight  Vehicles 
With Options . . . . . . . . . . . . . . . . . . . . . . . . . . . . . A-21 
F a c i l i t y  Capabi l i t i es  f o r  Operational System M2 - Fl igh t  
Vehicles With Options . . . . . . . . . . . . . . . . . . . . . . . . A-24 
F a c i l i t y  Research Values for Operational System L2. . . . . . . . . . A-28 
F a c i l i t y  Research Values f o r  Operational System Ml. . . . . . . . . . A-31 
F a c i l i t y  Research Values for Operational System M2. . . . . . . . . . A-34 
F a c i l i t y  Research Values f o r  Operational System L2 - Fl igh t  
Vehicles With Options . . . . . . . . . . . . . . . . . . . . . . . . A-37 
F a c i l i t y  Research Values for Operational System C 1  - Fl ight  
Vehicles Wf-th Options . . . . . . . . . . . . . . . . . . . . . . . . A-40 
F a c i l i t y  Rcsearch Velues f o r  Operational System M l  - Fl igh t  
Vehicles W5th Options . . . . . . . . . , . . . . . . . . . . . . . . A-43 
F a c i l i t y  Research Values for Operational System M2 - Fl igh t  
Vehicles With Options . . . . . . . . . . . . . . . . . . . . . . . . A-46 
(Page x i s  B l a n k )  
REPORT M X  Am13 2 OCTOBER 1970 
VOLUME Tp PART 3 
1. INTRODUCTION 
Hypersonic a i r c r a f t  =e e q e c t e d  t o  become nperati .mal i n  t h e  post-1990 t i m e  
YerioC to satis:y n r l i t a r y  and:cr c m e r c i d  requirements. An extensive research 
an3 development Erogran vil; be required p r i o r  t o  production o f  any h p e r s o n i c  air- 
craft systen. The overal l  objective of t he  Hypersonic Eesearch Facil!~'ies Study 
is t o  assess che research requireaents for h.ypersonic a i r c r a f t  and define severs1 
desirable  h.ypersonic research f a c i l i t i e s  t o  satism t h e s e  requirements. 
The approach fal;owed t o  f u l f i l l  t h i s  study object ive involved: 
Definit ion cf a spectrum of  Research Objectives and subsets of Researcfi 
Tasks r-ecessary f o r  development of representat ive operaticnal systems 
Disci?lined quant i f icat ion of  t he  r e l a t i v e  importance of these cbjectivea 
and tasks  as they relate t o  esch operational system 
Eefirlition of nev e o x e p t u a l  f l i g h t  research vehicles  and pround test 
f a c i l i t ;  =.s t o  accmpl ish  the  i d e n t i f i e  research t a sks  
Qmatif icat ion of t h e  r e l a t i v e  capabi l i ty  of  e x i s t i n a  and nev ground 
f a c t ?  i t ies  &?4 nev f l i g h t  research vehicles  t o  accomplish te is  research 
fi:<Aa?Z:n of t h e  ccs t  t o  build and operate t h e s e  new research f a c i l i t i e s .  
This vohme 3f t he  Hypersonic Research F a c i l i t i e s  Study report b r i e f l y  reviews 
t n e  research requirements analysis  performed during t h e  first t v o  phases of t h e  
study and r r e s e n t s  t h e  results of t h e  fac i l i ty  research p o t e n t i a l  evaluation 
completed d-arhg Phase XII. 
t h e  value of hypersonic research facilities, both f l i g h t  vehicles  and grour'd in- 
s t a l l a t i o n s ,  :? terns of t h e i r  contribution t o  achieving t h e  confidence t o  proceed 
with operational hypersonic airc,-af%. It i s  w e l l  recognized t h a t  development of 
c r i t i c a l  technoloqies, properly phased k i t h  dvanced systems requirements, i s  t n e  
k e y  t o  t h i s  nat ion 's  leadership i n  aeros-,sce. 
ments analysis  conducted during t h i s  study is to i d e n t i e  t h e  relative c m t r i b u t i o n  
of Research Tasks t o  a c red ib l e  hy-personic research plan. 
of spec i f i c  Research Tasks is related t o  t h e  capab i l i t y  of t h e  candidate research 
f a c i l i t i e s  t o  perform these  t a s k s  t o  y i e l d  t h e  overall research po ten t i a l  of  each 
conceptual research f a c i l i t y .  
ment. These vehicles ,  described ir, d e t a i l  i n  P m t  1 of Volume I V ,   car^ be briefly 
charac+.erized as fol lovs : 
An i n p c t a n t  study element involved an assessment of 
The i n t e n t  o f t h e  research require- 
The imwrtance o r  value 
Two a t t r a c t i v e  f l i g h t  research vehicles were se l ec t ed  f o r  Phase I11 ref ine-  
o Ksch 6 Research Vehicle (C21C) - A manned turboramjet-pcwered vehicle  
designed f o r  c* ent ional  takeoff and landing operation. 
o Mach 1 2  Research Vehic' . i! -- A manned rocket-propelled vehicle 
designed f o r  ai1 -1s.' ..tion. 
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Confiruration opticns w * l r e  deveioped fo r  each of these  basic  vehicles t o  prrfti:.r. 
syezinl izrd research t a s k s  w h i l e  minimizina cost  and weight pena l t i e s  i n  t h e  b-is:: 
vehicle. The pr incipal  options include: 
o Mach 6 Research Vehicle 
Thermal Protection System 
Armament 
o Mach 12 Research Vehicle 
Scram j et 
Convertible Scramjet 
Thermal Protection System 
Armament 
Horizontal TakesffjVertical  Takeoff 
Staging 
Subsonic Turbojet 
A comprenensive spectrum of  p r o u d  research f a c i l i t i e s  w a s  develmed 3urinp: 
the HYFAC Study, and t h e  l i s t  of five f a c i l i t i e s  selected f o r  Phase I11 refinement 
includes : 
o SD7 - Hypersonic impulse qasdynamic research f a c i l i t y  
o G D 2 0  - Polysonic gasdynamic research f a c i l i t y  
o E 9  - Gual-mode ramjet engine research f a c i l i t y  
o E20 - Integrated turbomachinery/ramjet engine research f a c i l i t y  
o S20 - Integrated structures/i ' luid systems research f a c i l i t y .  
The capabi l i ty  of each o f  t h e  f l i g h t  research vehicles and ground research 
f a c i l i t i e s  to acccyplish each iden t i f i ed  Fesearch Task has been evaluated. ?his 
evsluation w a s  peryomed by MCAIR s p e c i a l i s t s  i n  f l i g h t  and ground t e s t i n g  and 
forms the bas i s  f o r  measuring t h e  effect iveness  of each f a c i l i t y .  
Effect.iyeEecr .c.f candi.r?ste r e s s z c h  fn_cilft+c 5s &fine& i n  this jtu.r?y 9s 
research p o t e n t i a l ,  
f a c i l i t y ' s  " ch .wx te r i s t i c "  capab i l i t y ;  t h a t  i s ,  a measure o f  the  f a c i l i t y ' s  
a b i l i t y  t o  acconplish a spectrum of research, not .n ly  i n  t h e  predominant tech- 
colcgy a rea  for  which it is  designed but i n  other a n c i l l a r y  areas i n  which it 
prcvides a c q a b i l i t y .  This value provides a measure of t h e  f a c i l i t y ' s  broad 
v e r s a t i l i t y .  
Research Value. 
c o n u c t  research i n  t h e  technology area f o r  which it is  primarily designed. 
rceasured i n  terms of F a c i l i t y  Research Value. Tvo basic  
,.n, . - r z u r e ~  -- of F a c i l i t y  Resexrct; Value are presented. One measure is based on the  
A secana, more spec i f i c  measure evaluates t h e  "focused" F a c i l i t y  
This i s  a value representat ive o f t h e  f a c i l i t y ' s  capab i l i t y  t o  
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Fac i l i t y  Research Values a r e  developed, discussed and in t e rp re t ed  i n  t h e  
following sections f o r  each of t he  fac i l i t i es  selected f o r  Phase I11 refinement. 
In a&dition, a t y p i c a l  high-priority research program, developiient o f  a 
scramjet Dropulsion system, i s  discussed t o  illustrate t h e  cost  and t i n e  involve5 
i n  sccomplishing a typ ica l  focused research program. 
arena i n  which a p p l i c a b i l i t y  of pa r t i cu la r  research f a c i l i t i e s ,  costs  of per- 
forming t a sks ,  and schedulink: of tests can be discussed. 
This example provides t h e  
(Page 1-4 is B l a n k )  
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2. APPROACH 
Analysis of r e sx  rch reqcirements m d  evaluation of t h e  capabi l i ty  of c z  i d i - l s t e  
hypersonic research f a c i l i t i e s  t o  perform t h e  iden t i f i ed  research is a key ele..:ent 
of t he  Eypersonic Research F a c i l i t i e s  Study. The approach t o  t h i s  stu2y ele-enc is 
Lr i e f ly  describe? i n  t.his sect io$with a more de t a i l ed  explanation of t h e  proctdm-e 
r esented i n  Section 5 .  
The end ~ s i i l t  of t h e  research requirements end f a c i l i t y  p o t e n t i a l  analysis  
is  expressed 'n ter,is of F a c i l i t y  Research Value. This f igu re  of m e r i t  in tegrztez 
t ? e  i n t r i n s i c  value Df each Research Task with t h e  capab i l i t y  of gcjund an3 fliz-ht 
researcn f ac i l i t i t - s  .o accomplish t h e  t a s k ,  as i l l u s t r a t e d  i n  Figure 2-1. Sunriatior, 
of t he  products 01' i n t r i n s i c  values and fac i l i ty  c a p a b i l i t i e s  across  t h e  spectri-2 cf 
applicable Rese;i.ch Tasks a l l c i r s  a quant i f icat ion of t h e  r e l a t i v e  i.esearcfi ycter,tiO.i 
of candidate f a c i l i t i e s .  This research requiremeilts and f a c i l i t y  capabili ih kinaly- 
sis  has been use;, ;n a broader form, i n  Phases I and I1 t o  s e l e c t  t h e  nost  effect.i'ro 
f a c i l i t i e s  f o r  fL-ther refinement. During Phase 1 x 1 ,  t h i s  analysis  has been ati l-  
ized,  not t o  s e l e c t  o r  r e j e c t  f a c i l i t i e s ,  bu-j r e t h e r  t o  e s t ab l i sh  t h e  research 
po'ential of t h e  Phase I11 research f a c i l i t i e s .  Two major refinements were inccr- 
por&ted i n  t h e  Phase I11 analysis .  
1) The Research Tasks w e r e  modified t o  provide a more pre- ,ise statement ~f 
t h e  rcsearch rec:.iirements. 
2)  "he evaluation of research f a c i l i t y  capab i l i t y  w a s  improved t o  better 
r e f l e c t  t h e  differences between research f o r  whjrh a faci l i tv  has 
general  capab i l i t y  ( iden t i f i ed  as "character is t ic"  research) and 
research fo r  which t h e  fac i l i ty  would be s p e c i f i c a l l y  designed 
(labeled "focused" reseerch).  
Recognizing t h a t  s p e c i f i c  hyyersonic research reqdirements could not be defined 
without reference t o  operat ional  systems, nine hy-persoric systems were defined at  
t h e  i n i t i a t i o n  of t h e  study. This spectrum of  hypersonic a i r c r a f t  includes four 
reusable launch systems i n  t h e  Mach 5 t o  Mach 12 range, t vo  hypersonic t r anspor t s  
cruis ing at Mach 6 and Mach 10, and t h r e e  hypersonic weapon systems covering t h e  
Mach 4 .5  t o  Mach 12 speed range. 
from t h i s  comprehensive spectrum have been used throughout Phase 111. 
c i p 1  cha rac t e r i s t i c s  a r e  sumnarized as follows: 
Four representat ive operational systems selected 
Their prin- 
CODE SYSTEN TYPE - K4CH NO. PROPULSIGX -c-- 
L2 Reusable Launch 8-10 Turbojet + Convertible Scramjet 
C 1  Hyperscaic TrF-isport 6 Turboramjet 
M 1  Advanced Manned Interceptor  4.5 Turboramjet 
M2 St ra t eg ic  S t r i k e  1 2  Rocket + Scramj e t  
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FIGURE 2-1 
FACILITY RESEARCH VALUE DEVELOPMENT 
A comprcheasive l i s t  of 78 Research Objectives vas defined during t h e  stu* 
t c  exonpass  t h e  research ;-eeded t o  provide an adequate l e v e l  of con5dence t o  pro- 
ceed u i t h  development of a hypersonic system. 
vs:lie, of each Research Objective vas dete-mined with t h e  a id  of a ur-ique sppi ica-  
t i o n  of decision theory techniques. These techniques, aFplied t o  bas ic  inputs  from 
66 I!ASA, USAF', and industry technica l  s p e c i a l i s t s ,  prcvided a d isc ip l ined  and object- 
t i v e  ana lys i s  of hyFersonic a i r c r a f t  research requfrements. Widespread s c i e n t i f i c -  
ccanunity pa r t i c ipa t ion  t o  t h i s  extent  i n  such a discipl.ineci approach is bel ieved 
t - ~  be ungrecedented fo r  i d e n t i e i n g  -and evaluating resee-ch requirements fo r  fu tu re  
,__ >L..SLC y2g?sn?s. 
The r e l a t i v e  importance, o r  i n t r i n s i c  
._- - .,. - --c 
The r e su l t i ng  l i s t  of ob jec t ives  vas l a t e r  subdivided i n t o  237 Research Tasks 
to a l l s w  a more de t a i l ed  ana lys i s  t o  be performed during Phases I1 and 111. 
a t i m  of the  research po ten t i a l  of t he  f i v e  conceptuel ground f a c i l i t i e s  and t h e  
two candidate f l i g h t  research vehic les  t o  perform these  Resea-ch Tasks vas a primary 
Phase I11 e f f o r t .  The capab i l i t y  of each candidate new research f a c i l i t y  is de- 
termined i n  terms of t h e  percentage of each Research Task p o t e n t i a l l y  accomplished 
i n  t h e  f a c i l i t y .  
t h e  t a sk  i n t r i n s i c  value and the  f a c i l i t y  capab i l i t y  value. Addicg these  products 
over t h e  tasks applying t o  a p a r t i c u l a r  operat ional  syst-  y i e l d s  t h e  F a c i l i t y  
Research Value. 
c h a r a c t e r i s t i c  and a focused basis .  
Evala- 
Research poteL+-ial f o r  e w h  appl icable  t a s k  is  t h e  product of 
F a c i l i t y  Research Vdues  are presented i n  t h i s  report on both a 
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The unique nature  of t he  research requirements and f a c i l i t y  capab i l i t y  ana lys i s  
has resulted i n  t h e  coining of many new terns with spec i f i c  meanings. In  order t o  
assist i n  t h e  understanding of t h i s  ana lys i s ,  a glossary of t he  prii icipal terms is 
presented. 
Operational System 
Eesearch Objective 
Research Task 
I n t r i n s i c  Values 
F a c i l i t y  Capability 
F a c i l i t y  Research Value 
ChP.racteristic F a c i l i t y  
Research Value 
Focused F a c i l i t y  Research 
Value 
Acquisition Cost 
(Page 2-4 is B l a n k )  
A spec i f i c  a i r c r a f t  configurat ion iden t i f i ed  within 
t h e  spectrum of hypersonic vehicles  po ten t i a l ly  
operable i n  t h e  post-1980 t i m e  period. 
Yajor research i n  a spec i f i c  area vhich m u s t  be 
azcanplished p r i o r  t o  i n i t i a t i o n  of t h e  develop- 
ment cycle of an opera t ioca l  zystem. 
A spec i f ic  research item iden t i f i ed  as an element 
of one of t h e  defined Research Objectives and 
involving p a r t i c u l a r  types of t e s t s  o r  analyses. 
A measure of t h e  importance of t h e  Research 
Objectives and Tasks as they r e l a t e  t o  one another 
with respect  t o  a p a r t i c u l a r  operat ional  system. 
A measure of t h e  a b i l i t y  of a f a c i l i t y  t o  perform 
t h e  research defined by a par t5cular  Research Task. 
A quan t i t a t ive  measure of a f a c i l i t y ' s  e f fec t ive-  
ness i n  accomplishing research, considering both 
i n t r i n s i c  values and f a c i l i t y  capab i l i t i e s .  
A measure of  a f a c i l i t y ' s  a b i l i t y  t o  accomplish 
a broad spectrum of research. 
A value representa t ive  of a f a c i l i t y ' s  capabi l i ty  
t u  accomplish research for which it i s  pr imari ly  
de signed . 
The Research and Developnent cos t  plus  t h e  Invest- 
ment Cost f o r  a ground f a c i l i t y  o r  f l i g h t  research 
vehic le  (Operating cos t s  a r e  excluded). 
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3. RESEARCH TASKS 
A preliminary l i s t  of Research Tasks w a s  established during Phase I1 and i s  
presented i n  Voiune 111, Part 1. One of t h e  major e f f o r t s  during t h e  ea r ly  s tages  
of Phase I11 involved the  refinement and condensation of t h i s  l i s t  i n t o  a f i n a l  s e t  
of t a s k s  f o r  use i n  t h e  Phase I11 research requirements analysis.  The r e s u l t i n g  
f i n a l  Research Tasks l i s t ,  presented i n  t h e  following p q e s ,  contains a t o t a l  of 
237 Research Tasks, each designated by t h e  abbreviation "RT". 
t i v e s  t o  which these  t a s k s  r e l a t e  are indicated by t h e  abbreviatian "RO". Since 
t h e  i n i t i a l  l i s t  of Research Objectives defined i n  Phase I t o t a l e d  102, t h e  code 
numbers of t h e  Research Otjsct ives  and Tasks accumulate t o  t h i -  number. Houeve-r, 
24 of these o r ig ina l  object ives  were combined with o the r  object ives  durinn Phasc 11. 
The Phase I11 analysis  includes only t h e  remairiing 78 object ives  and t h e i r  corres- 
ponding tasks .  
The Research Objec- 
The t a sks  are c l a s s i f i e d  according t o  t h e  technologv area t o  which the:J can 
be most closely iden t i f i ed ,  as were t h e  Research Objectives. The number of Pesezrch 
Tasks i n  each technological area i s  as follows: 
Category No. of Tasks  
Aerodynamics 
Thermodynamics 
Structures  and Materials 
Propulsion 
Sub sys t ems 
Operat ion 
5 1  
23 
44 
53 
45 
21 -
237 
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PHASE I11 RESEARCH TASKS 
RO 1 - Determine low speed (takeoff and landing) aerodynmtc c n w a c t e r i s t i c s  of 
hypersonic a i r c r a f t .  
RT 1.1 - Invest igate  low speed, takeoff and landing, high lift, longitudinal,  
la teral ,  and d i r e c t i o n a l  s t a b i l i t y  and con t ro l  and aerodynamic 
loads of nos t  promising hypersonic a i r c r a f t  configurations.  
RT 1.2 - Invest igate  methods of providing takeoff and landing performance 
employing aerodynamic surf aces , propulsive systems and/or combined 
aero-propulsive systems. 
RT 1.3 - Evaluate integrated high lift configuration performance and max imum 
useable angle of a t t ack  as l imited by power  e f f e c t s ,  ground. e f fec t s ,  
buffet ,  wing drop, ground clearance and p i l o t  v i s i b i l i t y .  
RT 1.4 - Invest igate  handling c h a r a c t e r i s t i c s  and evaluate t r i m  capab i l i t y ,  
effects of adverse C.G. l oca t ion  on t r i m  and bas i c  f l i g h t  charac- 
terist ics and on t h e  con t ro l  power available from the trimmed 
condition. 
RO : - Determine subsonic and t ransonic  aerodynamic c h a r a c t e r i s t i c s  of hypersonic 
a i r c r a f t .  
RT 2.1 - Invest igate  suosonic/transonic longi tudinal  and l a t e ra l -d i r ec t iona l  
s t a b i l i t y  and con t ro l  and aerodynamic loads of most promising 
hypersonic air c r a f t  configurations.  
RT 2.2 - Invest igate  methods of providing high suibsonic/transonic performance 
considering such f ac to r s  as shape, t r i m  requirements, i n l e t  posi- 
t i o n ,  J e t  e f f e c t s ,  and effects o f  shock weve/bounZary l a y e r  
interact ion.  
RT 2.3 - Invest igate  subsonic/transonic configuratior, performance ami 
m a x i m u m  useable angle of attack as l imited by bu f fe t  onse t ,  t h r u s t  
margin , maximum l i f t  , and longi tudinal  con t ro l  powzr . 
RT 2.4 - Invest igate  handling c h a r a c t e r i s t i c s  and evaluate t r i m  capab i l i t y ,  
e f f e c t s  of  adverse C.G. l oca t ion  on t r i m  and bas i c  f l i g h t  charac- 
t e r l s t i c s  and on the  con t ro l  power available from t h e  trimmed 
condition. 
RO 3 - Determine supersonic and hypersonic aerodynamic c h a r a c t e r i s t i c s  of hypersonic 
a i r c r a f t .  
RT 3.1 - Invest igate  methods of providing high supersonic/Q-personic perfor- 
mance considering such f a c t o r s  as shaping t o  achieve maximum l i f t -  
to-drag r a t i o ,  n e u t r a l  point  control ,  and low t r i m  drag requirements. 
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RT 3.2 - Inves t iga te  supersonic/hypersonic longi tudina l  and l a t e r a l -  
d i r ec t iona l  s t a b i l i t y  and cont ro l  and aerodynamics loads of tlne 
most promising hypersonic a i r c r a f t  configurations. 
and in t e rac t ion  Kith shock waves on l i f t / d r a g ,  performance, 
s t a b i l i t y  and control .  
RT 3.3 - Inves t iga te  the  e f f e c t s  of boundary l a y e r  t r a n s i t i o n ,  separat ion,  
RT 3.4 - Inves t iga te  the  e f f e c t  of engine exhaust plumes on lift, drag and 
longi tudina l  s t a b i l i t y  . 
RO 4 - Provide new or  update present  testing techniques f o r  aerodynamic research 
f a c i l i t i e s  so Reynolds number, shock wave, and boundary layer dependent 
phenomena.can be cor rec t ly  simulated using subscale models. 
RT 4.1 - Inves t iga te  techniques t o  b e t t e r  approximate the free f l i g h t  
recovery temperature t o  sk in  temperature r a t i o s  i n  ground tests. 
RT 4.2 - Develop techniques t o  allow determination of more representa t ive  
f r e e  flight aerodynamic data from conventional wind tunnels. Min- 
imize extrapolat ion range and improve soundness 01 t echnica l  base. 
RT 4 . 3  - Inves t iga te  r e l a t ionsh ip  between boundary l aye r  thickness  and 
shock loca t ion  on the  l o c a l  flow s t ruc tu re .  
RO 5 - Define t h e  design c r i t e r i a  and systems requirements f o r  acceptable handl ing 
g u a l i t i e s  f o r  hypersonic a i r c r a f t .  
RT 5 .1  - Define fundamental parameters and l e v e l s  of acceptance of f l y i n g  
q u a l i t i e s  i n  longi tudina l  and l a t e r a l  d i r ec t iona l  mode. 
RT 5.2 - Inves t iga te  control  systems response cha rac t e r i s t i c s  required t o  
provide acceptable f ly ing  q u a l i t i e s  f o r  a hypersonic a i r c r a f t .  
FQ 5.3 - Inves t iga te  the  in t e rac t ion  beweer  cont ro l  capab i l i t y ,  s t r u c t u r a l  
f l e x i b i l i t y ,  control?  system dynamics , and p i l o t  response as 
r e l a t ed  t o  p i l o t  induami csci1lct.i.o-s. 
RO 6 - Ebaluate d e s i m  techniques f o r  o b . : , c i i . ~ ~ ~ ~ f . i ~ , o r a b l e  aerodynamic in te r fe rence  
e f f e c t s  through surface o r  inlet  w s i t i o n i n g .  
RT 6.1 - Inves t iga te  in te r fe rence  flow f ie ld  cha rac t e r i s t i c s  r e l a t i v e  t o  
aerodynamic surfaces and evaluate  t h e  e f f e c t s  of surface posi t ioning 
on performance s t a b i l i t y  and control .  
RT 6.2 - Inves t iga te  in te r fe rence  f l o v  f i e l d  cha rac t e r i s t i c s  r e l a t i v e  t o  
engine inlets and evaluate t h e  e f f e c t s  of i n l e t  posi t ioning on 
performance, s t a b i l i t y  and control .  
RT 6.3 - Inves t iga te  interference flow f i e l d  of  in tegra ted  configurat ions 
and evaluate t h e  performance, s t a b i l i t y  and cont ro l  cha rac t e r i s t i c s  
with most promising surface and inlet arrangement. 
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RO 7 - Evaluate design techniques of usinR t h e  a i r c r a f t  b&v f o r  Zngine exhaust 
emansion, thereby providing lift. Determine the  e f f e c t  of propulsive pas 
flow in t e rac t ions .  
RT 7.1 - Determine simulation requirements (flow f i e ld  and exhaust flow) 
f o r  meaningful data r e t u r n  from ground tests of subscale models. 
RT 7.2 - Invest igate  nozzle design f ac to r s  such as exhaust vector ,  1ccu  
heating, pressure d i s t r i b u t i o n s  and noise. 
RT 7.3 - Invest igate  e f f e c t s  of afterbody contours ( w i t h  engine operation) 
on aerodynmic c h a r a c t e r i s t i c s  over t h e  f l i g h t  Mach number ran,?. 
RO 9 - Invest igate  t h e  e f f e c t s  of variable i n l e t  and nozzle geometry, bypass 
airf low,  propulsion mode changes, and aerothermoelastic e f f e c t s  on 
hypersonic a i r c r a f t  s tab i l i ty  and aerodynamic forces.  
RT 9.1 - Invest igate  the e f f e c t s  of engine i n l e t  and exheust flow on 
a i r c r a f t  , performance , s t a b i l i t y  and control.  
RT 9.2 - Invest igate  t h e  e f f e c t s  of engine on-off operation and i n l e t  
u n s t a r t s  on s t a b i l i t y  and control.  
RT 9.3 - Invest igate  the  e f f e c t s  of va r i ab le  bypass and propulsion mode 
changes on performance, s t a b i l i t y  and control.  
RT 9.4 - Invest igate  aerothermoelastic e f f e c t s  on hypersonic a i r c r a f t  
perr"ormance, s t a b i l i t y  and control.  
RO 10 - Develop design p r inc ip l e s  f o r  stage in t eg ra t ion  which provide reduced 
drag c h a r a c t e r i s t i c s  and other  aerodynamic improvements throughout t h e  
speed range f o r  two-stage hypersonic launch vehicles.  
RT 10.1 - Evaluate launch mode stage in t eg ra t ion  concepts including config- 
urat ion,  performance and structural design requirements. 
RT 10.2 - Invest ieate  t h e  aerothemodynamic e f f e c t s  and t h e  impact of t h e  
design concepts on f l i g h t  vehicle  performance, s t a b i l i t y  and 
control.  
RO 11 - Determine separation techniques f o r  two-staged hypersonic vehicles  which 
w i l l  provide pos i t i ve  separation and individual. s t w e d  control .  
RT 11.1 - Ident i fy  a t t r a c t i v e  separation concepts. 
RT 11.2 - Invest igate  individual  vehicle  f l y i r i  q u a l i t i e s  and t h e  e f f e c t s  
of l o c a l  flow f ie ld  during s t age  separation. 
evaluation of t h e  e f f e c t s  o f  t h e  separation pressure f i e l d s  on 
structural dynamic c h a r a c t e r i s t i c s  of  both stages. 
a l so  include evaluation of t h e  e f f e c t s  of  s i z e ,  shape, r e l a t i v e  
posit ioning, proximity and exhaust plumes as w e l l  as methods of 
mebsurement and analysis. 
"his t a sk  includes 
Invest igat ions 
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RT 11.3 - Evaluate a c t i v e ,  augmented, o r  passive control  of the  second 
stag2 during separation t o  iden t i fy  t h e  concept providing the  
g rea t e s t  r e l i a b i l i t y  and responsive prformance. 
RO 1 2  - Improve fundamental know1edp;e of  hypersonic bomdary iayer behavior i n  
the  prescnce of adverse pressure madients  and shock interact ions.  
RT 12.1 - Determine e f f e c t  of  recovery temperature t o  surface temperature 
rat f-0 on shock-induced flow separation tclei-anca a t  hypersonic 
Mach numbers. 
RT 12.2 - Invest igate  Reynolds number and pressure gradient e f f e c t s  on 
shock s t r eng th  and shock induced separations on incl ined o r  
discontinuous surfaces and i n l e t  ramps. 
3T 12.3 - Invest ibate  boundary l aye r  growth and methods of  control  on 
incl ined surfaces and i n l e t  ramps. 
RO 1 4  - Develop correlat ion techniques f o r  t h e  predict ion of  buffet onset fcrr l o w  
aspect r a t i o  configurations,  involving longi tudinal  (body) bending motions 
as w e l l  as wing bending responses. 
RT 1 4 . 1  - Invest igate  -nethods of co r r t l a t i f i g  and applying buffet  onset 
and i n t e n s i t y  evaluations t o  iWl sca le  hypersonic a i r c r a f t  
considering va r i a t ions  i n  geometric parameters such as aspect 
r a t i o ,  leading edge sweepback and slenderness r a t i o  of hyper- 
sonic a i r c r a f t .  
RT 14.2 - Evaluate the  e f f e c t  of a non-steady flow f i e ld  condition on 
buffet onset. 
RT 14.3 - Correlbte wind tunnel-obtained buffet  onset and i n t e n s i t y  
with a f l i g h t  vehicle  representat ive of an operational hyper- 
sonic vehicle.  
RO 1 5  - Evaluate configuretion shaping techniques and fliat path var ia t ion fo r  - -  e;:eviating sonic  boom i n t e n s i t y ,  and study near and far f i e l d  noise 
11 .rels. 
RT 15.1 - Invest igate  sonic boom signature  c h a r a c t e r i s t i c s  ana near and 
far f ie ld  noise  f’requency/intensity spectrum which cons t i t u t e  
an i r r i t a t i o n .  
RT 15.2 - Invest igate  t h e  f e a s i b i l i t y  of configuration shaping t o  mater ia l ly  
a f f e c t  t h e  perceived sonic boom in t ens i ty .  
RT 15.3 - Evaluate changes i n  perceived sonic boom i n t e n s i t y  acd noise  
levels as produced by va r i a t ion  i n  f l i g h t  path. 
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THERMODYNAMICS 
RO 20 - Detcrmine the  ovel-.8 i I vehicle thermodynamic c h s r a c t e r i s t i c s  i n  tl)/nerson'c 
fl igk-t .  
RT 20.1 - Invest igate  the hypersonic heat t r ans fe r  d i s t r i b u t i o n s  on repre- 
s en ta t i -  . operat ional  configurations as a f'unction of a t t i t u d e  
and aeynolds number. 
RT 20.2 - lnvestigace the hypersonic heat t r a n s f e r  d i s t r i b u t i o n s  on aerc- 
dynaaic surfaces in t h e  vicinity of r eac t ion  con t ro l  jets. 
RT 20.3 - Invest igate  t h e  e f f ec t s  of staging and separation on hypersonic 
hest t r a n s f e r  d i s t r i b u t i o n s .  
R T  2C.4 - Study anu substail t iate t h e  ana ly t i ca l  modeling of generalized 
arid local ized flow f ie lds  t o  provide f u l l  s c a l e  predict ion 
techniques. 
RO 22 - Invest igate  shaping of aerodynamic surfaces t o  reduce skin temperatures, 
and t.he e f f e c t s  of protuberances 3r.d surface i r r e g u l a r i t i e s  on nypersonic 
a i r c r a f t  drag and aerodynamic heating. 
R T  22.1 - Irivestigate t h e  e f f e c t s  of surface shaping on skin temperature 
d i s t r ibu t ions .  
RT 22.2 - I m e s t i g a t e  t h e  e f f e c t s  of protyberance shbping on l o c a l  skin 
tempzratures. 
R T  22.3 - Invest igate  t h e  e f f e c t s  of surface L:regularit ies on aero- 
thermodynamic design and pe;.formance. 
RO 23 - Determipe t h e  e f f e c t s  of t r a n s p i r a t i v e  o r  ab la t ive  processes on s k i n  
f r i c t i o n  and heat t r a n s f e r .  
RT 23.1 - Invest igate  and describe t h e  mechanisms of mass t r a n s f e r  Feculizr 
to each process ( ab la t ion ,  t r ansp i r a t ion )  and t h e  e f f e c t s  of 
these mechanisms on skin f r i c t i o n  and heat t r a n s f e r .  
FiT 23.2 - Develop an a n a l y t i c a l  model which character izes  t h e  siirface 
phencmena f o r  etrch grocess. Refine t h e  model t o  r e f l e c t  t;le 
impact of ablat ion and t r ansp i r a t ion  on ;kin f r i c t i o n  and heat 
t ra i i s fe rs  and experimentally substant ia te  t he  v a l i d i t y  of t h e  
model. 
ST 23.3 - invest igate  tho appl icat ion of these techniques t o  time v a r i m t  
conditions corresponding t o  t h e  f l i g h t  p r o f i l e ,  evaluating t h e  
impact of ablat ion and t r ansp i r a t ion  on ove ra l l  vehicle perfor- 
mane e .  
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213 23 - Determine ? I : - .  e f f e c t s  of emb-dded shock, vo r t i ce s ,  separatior:, ar,d reat tsch-  
-- r e n t  on s k i i .  :'ri ction and heat t r a n s f e r  f o r  leeside flows. 
RT 24.2 - 1cves:igate nczhanisns of mixed bcundary layer  lecslde r'lovc 
c!xr%cterized ssck phencaen-i as cross fluds, vor t i ces ,  entcllded 
shcck waves, sepsrztttions, reattachments ;md interferences.  
RT 24.3 - Exyerimentally obtain and cor re l a t e  skin f r i c t i o n  and heat  
t r ans fe r  da t a  f o r  l ee s ide  f l r ,ws  including t h e  e f f e c t s  of  
such f l o w  Fhenmena 9s v o r t i c i t y ,  separation, reattachment, and 
enb4ded shocks. 
RC 25 - Detenriine t h e  aerodynamic heat inp e f f e c t s  produced by f l o w  thrcilgh paps 
resul t ing from zdlacent aircraft surfaces ,  w-d rapid changes i n  operatiofial 
a l t i t ude .  
RT ?5.1 - Invest igate  t h e  effects of  gap f i m  on aerodynanic her.ting of 
s t ructures  such as leading edges and shingles .  
RT 25.2 - Icvest igate  t h e  e f f e c t s  of gap flow on aerodynamic heating of 
moveable control  surfaces.  
RT 25.3 - Investigate the  effect of  gap flow and r e s u l t i n g  heating of 
control surfaces  c-n con t ro l  effectiveness.  
RT 25.4 - Study in t e rac t ioc  of s t r u c t u r a l  breathing during cilmb and 
descent w i t h  l o c z l  pressure and heat  transfer ccnditions.  
26 - Determine changes i n  heat t r a n s f e r  due to  reduced r a d i a t i o r  cool ing 
efficiency r e su l t i ng  from vehicle geometric interact ions !view fac to r s  1. 
RT 26.1 - Invest igate  methods of e-qakating two-and-three-dimensionsi 
v i e w  factors  f o r  complex s t r u c t u r a l  elements. 
RT 26.2 - Experimentally develop and subs t an t i a t e  ana ly t i ca l  maleling 
f o r  predict ing view fac to r s  f o r  adjacent and i i t e r s e c t i n g  external  
surfaces as w e l l  as f o r  i n t e rna l  s t r u c t u r a l  arrangements. 
RT 26.3 - Invest igate  the e f f e c t s  of i n t e r n a l  and ex te rna l  view fac to r s  on 
equilibrium surface temperatures. 
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Fkvelop methods f o r  predict ing h e a t  transfer due t o  rzdiatioit c . r  E X ;  
impingement from enFine exhaust. 
Rl’ Z7.i - Evaluate t h e  s eve r i ty  of increases in tit-nt, t -m.;ler ‘ 1 1  ..o 
exhaust gas internct ion.  This t a s k  includes 3dequ:Lt.t: defini:  . . I I  
of exhaust f l o w  f i e l d  and gaseous r ad ia t ion ,  as w c l l  as, appl i -  
cation of view f ac to r  and hy?ersonlc bomdarv l a y e r  data .  
Kl’ 27.2 - Determine simulation requirements (exhaust f l c w  and heat  trms- 
f e r  t o  externai  surface)  for meaningful da t a  r e tu rn  from crotin? 
tests of subscale models. 
ET 27.3 - Experimentally develop methods for  predict ing heat t r a n s f e r  i n  
tne engine exhaust area and e s t ab l i sh  s c d l i n r  l a w s .  
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STRUCTURES AND MATERIALS 
RO 28 - Develop e f f i c i e n t  reusable thermal protect ion zystems fo r  cryogenic fuel 
- and oxidizer  tankage. 
RT 28.1 - Evaluate po ten t i a l  of candidate materials ( tank s t r u c t u r e ,  
insula%ion and vapor barrier) i n  t h e j r  operating thermal 
environment. This t a s k  ;rill include consideration 
of physical p roper t ies ,  chemical compat ibi l i ty ,  operating 
l i f e t ime  and duty cycles. 
RT 28.2 - Evaluate fabr ica t ion  techniques f o r  incorporatlng a t t r a c t i v e  
materials i n t o  thermal pro tec t ion  concepts f o r  cryogenic 
tankage. The accomplishment of t h i s  t a sk  w i l l  require the  
consideration o f  bonding and jo in ing  techniques, tank penefra- 
t i o n s ,  subsystem supports ,  thermal cycl ing,  and equivalent 
panel thermal conductivity. 
RT 29.3 - Inves t iga te  and demonstrate non-destructive evaluat ion (LYDE), 
fabr ica t ion ,  inspect ion,  and r e p a i r  techniques. 
RT 28.4 - Demonstrate and v e r i f y  t h e  s t r u c t u r a l  and thermal protect ion 
coacepts by subject ing representa t ive  tank s t ruc tu res  t o  
f l i g h t  simulated thermal and a l t i t u d e  environments, mechanical 
3 oads , and fuel-flaw c o n c t i o n s .  
RO 30 - Evolve m m e  e f f i c i e n t  concepts f o r  f u s e l w e  and tank s t ruc tu res  f o r  both 
c i r c u l a r  and non-circular appl icat ions.  
RT 30.1 - Inves t iga te  methods of tankage in t eg ra t ion  i n t o  promising 
aerothermodynamic shapes and develop a n a l y t i c a l  models t o  
allow determination of e f f i c i e n t  and p r a c t i c a l  tank s t r u c t u r a l  
concepts. 
RT 30.2 - Inves t iga te  fabr ica t ion ,  i n s t a l l a t i o n  and r e p a i r  methods and 
cons t ruce demonstration models of  most promising tankage 
concepts. 
RT 30.3 - Experimentally v e r i f y  t h e  adequwy of ana ly t i ca l  models used 
t o  def ine tank and fuselage s t ruc tu res  and t o  develop promis- 
ing tankage concepts. 
REPORT MDC A0013 2 OCTOBER 1970 
VOLUME IX PART 3 
RO 32 - Levelop e f f i c i e n t  reusable leading edge coi,cepts and iden t i fy  pronis ing 
concepts fo r  spec i f i c  mater ia ls  i? r e l a t i o n  t o  the f l i g h t  regime. 
RT 32.1 - Perform basic  high temperature materials research fcr possibl? 
mater ia l  candidates f o r  use i n  oxidizing environments. me 
s t r eng th  at t empera t a re ,  c r e e D  resistance/time t o  ru?ture,  
oxidation r e s i s t ance ,  duty cycle/operating lifetime, and t h e  
tenaci ty  of oxide f i lm m u s t  be considered i n  accomplishing 
t h i s  task.  
RT 32.2 - Invest igate  and demonstrate t h e  a p p l i c a b i l i t y  of  p o t e c t i v e  
coating concepts t o  maintain basic  materials l i m i t s  i n  a 
reusable application. The coating concepts t o  be considered 
i n  t h i s  t a s k  include oxidation protect ion coatings and insula- 
t i v e  protect ion coatings t h a t  permit higher surface tempera- 
ture operation, and emissivi ty  control  coatings. 
RT 32.3 - Evaluate various leading edse concepts considering fabricat ion 
techniques, uterial compatibi l i ty ,  coating, and major s t m c -  
tLral bui Id-up . 
RL7 33 - 
fabricat ion techniqaes, and or.crat?-nn under f l i g h t - l i k e  conditiocs ~f 
terryer%ture and lsads. 
RT 33.1 - Integrate  avai lable  resesrzh results aci define control  surfs;.e 
physical arxi environmental kouzdaries. 
RT 33.2  - Invest igate  t h e  requirenezts  and develop thermal protectior, systex 
concepts, methods cf attachment, aerodynamic seal ing,  and methods 
o r  actuat ioc.  
RT 33.3 - Demonstrzte t h e  s a t i s f a c t o v  perfortzance ana operational duty 
cycles of t h e  control  surfaces and associated hardware i n  2 
ciiipiicatea f i i g h t  thermal and nechanical load environment. 
RO 34 - Eevelo;! 1 0 n ~  l i f e  regeneretively cooled s t r u c t u r a l  concepts f o r  a s g l i c a t i c n  
In hi&. nsat f lax  areas such as lea5ing edges and. rropuision systems. 
RT 34.1 - Ini-estigate t h e  a p p l i c a b i l i t y  of mult iple/s ingle  f l u i d  cooling 
concepts f=r cperzttion ir. t h e  propcscd f l i g h t  e w i r c m e n t  zci 
specify the  required thermophysicai p r q e r t i e s  of candidate heat 
exchanger materials. The selection of candidate materials w i l l  
include the  development of fabr icat ior ,  techniques by manufactur- 
ing prototype panels, developing inspection techniques, and 
in t eg ra t ing  the  prototype panels i n t o  t h e  primary s t ruc tu re .  
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E t  34.2 - Determine physical and chemical compatibil i ty df candiaate heat 
exchanger msterials with heat exchange f l u i d s  i n  the  operating 
temperature/Fressure regime. 
RT 34.3 - Analytically deternine flow passage o r i en ta t ion  and shape. The 
accomplishement of t h i s  t a s k  w i l l  include t h e  consideration of 
heat t r a n s f e r ,  f l o u  ve loc i ty ,  operating pressure l e v e l ,  tensera- 
ture d i s t r i b u t i o n  (panel AT and maximum w a l l  temperature),  
panel s t rength t o  weight r a t i o .  
RT 34.4 - Demcnstrate t h e  in-cegrity and operation of t h e  h e a t  exchanger 
panel under f l i g h t  heat t r a n s f e r  rates and flow conditions.  
RO 35 - Provide a s t r u c t u r e  vhich E i n t a i n s  aerodvncimic moothness under ac tuh l  
operational conditions and use. 
RT 35.1 - Analf t ical iy  and empirically e s t a b l i s h  allowable 1iEit.s of sur- 
face irregularities ana snoot>Jess to maintair, vehicle  heating 
and performanct within design l i m i t s .  
RT 35.2 - Inves t ig s t e  s t r u c t u r a l  concepts under mechanical loadz, thermal, 
and th?rmal/mechanical load testing t o  v e r i f y  s t r u c t u r a l  smocth- 
ness a i d  surface irregularitieE are within t h e  establ ished 
limits. 
RO 36 - Define t h e  effecxs of combired mechanical loading and thermal stress 
cycling irnder a c x a l  envirormental conditions on t h e  l i f e  of t h e  s t rcc-  
t u r d  components . 
RT 36.1 - Define environmental and design parameters t h a t  vi11 affect 
materials research, and candidate materials select ion.  
RT 36.2 - Ccndcct extensive coupon testing t o  s e l e c t  candidate materials 
by determining t h e i r  physics .  and thermal propert ies ,  physical  
and chenical dompatibil i ty,  and high temperature oxidation 
resistance. 
f l i g h t  environmental conditions on t h e  materials propert ies  
and c h a r a c t e r i s t i c s .  
Determine t h e  e f f e c t  of repea--:. duty cycles under 
RT 36.3 - Construct fu l l - s ca l e  s t r u c t u r a l  camponents and test under com- 
bined t k e r a 1 ,  l a d ,  ,and other  e r r i r o E e n t a l  r rnndi t ions  t o  
verify coupon data and t o  e s t a b l i s h  a realistic measure of 
operating l ife.  
PO 38 - Determine t h e  e f f e c t s  of f u e l  s losh on t h e  dynamics and i n e r t i a  loads of 
low aspect r a t i o  hypersonic a i r c r a f t  with l a r g e  volume f u e l  tankwe.  
RT 38.1 - Study s losh modes and i n t e n s i t i e s  t o  determine t b  influence 
of t h e  f l u i d  dynamics on s t r u c t u r a l  loading and tank design. 
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RT 38.2 - InvestigLte i ~ e r t i a l  forces  and center  of gravit; 1-rr.turb;ltioi.s 
produced by f u e l  s losh and translate t h i s  i n t o  ?ffect.; )n ti.,? 
s t a b i l i t y  and control  or' hypersonic a i r c r a f t  tliroughoui. i:.:; 
f l i g h t  refline. Ident i fy  those regions where this  efc.-:ct. :. 
significaii t  . 
tile effectiveness of s lo sh  suppression devices. 
pact on t h e  o v e r a l l  vehicle  f l ight cha rac t e r i s t i c s .  
RT 38.3 - Investigate methods t o  minimize f u e l  motion e f f e c t s  and v e r i f y  
Deternine in-- 
RO 39 - Determine t h e  parameters of co r re l a t ion  f o r  t h e  analysis  of t h e  ?Cf.-cts of 
near f i e l d  noise on minimum gauge s t ruc tu res ,  somposite s t ruc tu res ,  and  
non-met a l l i c  s . 
RT 39.1 - Examine t h e  pote:itial hypersonic vehicles  t o  determinc t h o s c  
locat ions where t h e  s t r u c t u r e  cons i s t s  of thic-gauge, camposite, 
o r  non-metallic materials, and i d e n t i f y  t h e  temperature/time 
and acoustic power s p e c t r a l  densitylt ime c h a r a c t e r i s t i c s  xt 
these locat ions i n  order t o  iden t i fy  t h e  corresponding therr.-i- 
acoust ical  environment. 
,PT 39.2 - Experimentaily iden t i fy  f a i l u r e  mechanisms of a s t r u c t u r a l  
element ir. 8n a c t u a l  thermal-acoustic environment and deve1c.r 
an a n a l y t i c a l  m o d e l  t o  descr ibe t h e  s t r u c t u r a l  failure mode. 
RO 40 - Develop non-destructive evaluation (NDE) and inspection methods f o r  sana- 
wich s t ruc tu re ,  composite materials, d i f fus ion  bonded materials, and 
coatings . 
RT 40.1 - Invest igate  non-destructive evaluaticn methods which can de tec t  
and i d e n t i 0  p o t e n t i a l  s t r u c t u r a l  failures. 
RT 40.2 - Evaluate t h e  effectiveness of NDE techniques through t h e  use of 
"cal ibrated failure" specinens ( c a l i b r a t i c g  output of NDE sys- 
t e m s  vs degree of f a i l u r e ) .  
defects +d co r re l a t e  degree of failure with remaining opera- 
t i o n a l  l i f e .  
RT 40.3 - Eqerimental ly  determine t h e  e f f ec t s  of p a r t i a l  damage or minar 
RO h l  - Develop a capab i l i t y  t o  accurately estimate component and s t r u c t u r a l  . i s s  
f r ac t ions  f o r  a l l  types of hypersonic a i r c r a f t  d e s i m s .  
RT 41.1 - Develop a matrix of weight accounting systems f o r  eacn mdjor 
component concept, r e f l e c t i n g  parametric va r i a t ions  within t::: 
concept and specifying i t s  a p p l i c a b i l i t y  within d i s c r e t e  por- 
t i o n s  of t h e  f l i g h t  envelopes. 
RT 41.2 - Develop an ana ly t i ca l  discriminatory accumulaticn/recall tezt , : : iqL? 
for se l ec t ing  and incorporating applicable port ions of t he  x a t r i x  
t o  a r r i v e  a t  integrated mass f r a c t i o n  estimates *'or rnaisr 
vehicle  elements. Provisions should be made f o r  continiial 11: : ,lte 
of each matrix element of design concept infwmation and ac tua l  
weight v e r i f i c a t i o n  as information becomes avai lable .  
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IiO 112 - Veril'y arid dcmotil;Lr:iti' Ltrc ir1ter:rity oi' ttie :;tructur:Ll and t t u . m x L -  
s t r u c t u r a l  conce1)ts Ly Lt.L;tirig fu l l - sca le  s t ruc tu ra l  rxct  ioii:;. 
iiir 42 .1  - L)emoristr*:lte t t l c .  s t ruc tu ra l  and thermal. :J[leqU:lCy o i '  :I L'UII~ 
intt.gr:Lttbd st.ructure ( a  major sec t ion  of' :Lri  oilerat i ( J r 1 ; L l  :;yzt,ei;~) 
and v c b r  i I'y t t lc  ~ierforinance of individual  s y s t e m s  arid cmiponent.:: 
corit:iiried i r i  tile major sec t ion  when subjected t o  f'li(;ht-simulated 
opcrat  i t i t :  t.11V i i'oiiments. 'l'esting major- sect ion :; i ZCYI tect 
articlt.:: w i l l  vc:r-ii'y component assembly, 3tructur:Ll ard L ~ I C  ~ I I : - Z  ! 
iiiLer r ( ' t i w r 1 : .  s t ruc tu ra l  dyriamic dumping and transmissi b i l i t j r ,  
t t i e r m a l  prot.uction system performance, and demonstration of' 
maintenance arid r epa i r  techniques. 
110 43 - LkveloF ei'l'icierit reusable thermal prc tec t ion  systems f o r  t h e  primary 
s t ruc tu re  . 
HT 43.1 - Evaluate po ten t i a l  candidate materials ( ac t ive  and passive 5y:;t.t 
concepts) ilk t h e i r  operat ing thermal and a l t i t u d e  environme,.t:;. 
This t a s k  w i l l  include consideration of physical  and thermal 
propert  l es ,  chemical compat ibi l i ty ,  bonding techniques,  m u  
operating l i f e t ime  and duty cycles .  
RT 43.2 - Establ i sh  the  r eusab i l i t y  capab i l i t y  of candidate thermal pro-  
t e c t i o n  systems and materials and determine t h e  mean t i n e  betwc-en 
fai lure ,  ninimum t i m e  before maintenance, l i fe t ime/dc ty  cycles ,  
and extent  of maintenance and r epa i r  required.  
RT 43 .3  - Inves t iga te  and demonstrate non-destructive evaluation (NDE),  
fzbr izat i -on,  inspect ion,  and r epa i r  techniques. 
RT 43.4 - Correlate  experimental da t a  with o r i g i n a l  analyses t o  determirle 
adequacy of  t h e  ana ly t i ca l  base and po ten t i a l  improvements througn 
t h e  use D f  experimental results. 
RO 44 - Define t h e  mechanical and physical  p roper t ies  of advanced materials t h a t  
have po ten t i a l  ap r l i ca t ion  i n  hypersonic a i r c r a f t .  
RT 44 .1  - Ident i fy  po ten t i a l  materials t h a t  can s ign i f i can t ly  inprove t h e  
a i rcraf t .  The p r inc ipa l  types of materials t o  be considered 
include metal matrix composites, !ligh temperature t i taniums,  
super a l loys ,  r e f r ac to ry  metals, and in su la t ive  materials. 
R!F 44.2 -. Experimentally e s t ab l i sh  physical ,  chemical, and thermal prop- 
erties, formability, weldabi l i ty ,  and fabr ica t ion  c h a r a c t e r i s t i c s ,  
and lifetime/duty cycle limits of candidate materials. 
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RO 45 - -rove fabr ica t ion  techniques f o r  advanced materials and complex 
s t ruc tu re  . 
RT 45.1 - Invest igate  s u i t a b i l i t y  of fabr ica t ion  techniques f o r  meta l l ic ,  
non-metallic and composite sandwich s t r u c t u r a l  concepts which 
have t h e  po ten t i a l  of improving ove ra l l  aircraft performance. 
ET 45.2 - 1:ivestigatc ti-e e f f e c t s  of various f ab r i ca t ion  processes sU21i 
as welding, brazing, bonding and forming elements of s t r u c t u r a l  
asssmblies as w e l l  a s  t h e  e f f e c t s  of r eueab le  coat icgs  of 
re f rac tory  metals on t h e  i n t e g r i t y  of var ious s t r u c t u r a l  cocce l t r .  
RT 45.3 - Experimentally demonstrate t h e  capab i l i t y  of various fabr ica t ion  
tecnniques by subject ing coupons and/or s t ruc tu ra l  e lenec ts  or  
assemblies tc representat ive operating o r  f l i g h t  conditions.  
20 @I - Develop nigh temperature bearings,  lubr icants ,  c losure seals, t i res ,  wind- 
sh ie lds ,  and radomes. 
RT 46.1 - Invest igate  and def ine operating environments of  system cox- 
ponents ana e s t ab l i sh  ex i s t ing  material performance l iz i ts  as 
sppl icable  t o  each design i n  a component c l a s s .  
RT 46.2 - Ident i fy  reqaired improvements i n  each system component and 
inves t iga te  po ten t i a l  gains  i n  perfomance, se rv ice  l i f e ,  
2nd r e l i a b i l i t y  o f  modified coEponent designs and a l t e r n a t e  
materials. 
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PROPULSION 
RO 48 - L'evelop i n l e t  configurations f o r  t he  Zesired f l i g h t  conditions and engine 
QperatinP modes t o  enable the  propulsion system t o  achieve t F ?  desired 
performance. 
RT 48.1 - Invest igate  vehicle forebody configurations upstream of the  i n l e t ,  
t o  e s t ab l i sh  the  l o c a l  flow f i e l d  conditions a t  p o t e n t i a l  i n l e t  
locations over t he  operat ional  range of a and e .  
RT 48.2 - Experimentally study d i f f e r e n t  i n k ;  c lasses  t o  determine t h e  
airflow cha rac t e r i s t i c s  delivered t o  t h e  propulsion system f o r  
each i n l e t  c lass  as a function of operat ional  var iables  such as 
a t t i t u d e  ( a ,  B )  , Mach number, and Reynolds number. 
RT 48.3 - Invest igate  scal ing l a w s  t o  allow determination of n i i i imum i n l e t  
m o d e l  s i z e  f o r  meaningful data and t o  provide extrapol-ation r u l e s  
from model s i z e  t o  full-scale.  
RT 48.4 - Invest igate  i n l e t  design and forebody shapes t c  determine ove ra l l  
aerodynamic and engine airf low cha rac t e r i s t i c s .  This t a sk  
includes considerations of addi t ive drag, bypass and bleed drag, 
configuration L/D, aerodynamic s t a b i l i t y ,  steady-state and time 
var iant  d i s t o r t i o n ,  pressure recovery, and off-design operation. 
RT 48.5 - Invest igate  t h e  i n l e t  problems associated with use of a common 
i n l e t  f o r  combination engine concepts. 
RO 52 - Develop engine d e s i m  concepts amezable t o  cooling by various techniques 
(regeneration, ablat ion,  r ad ia t ion ,  t r ansp i r a t ion ) .  
RT 52.1 - Invest igate  e x i s t i n g  engine concepts throughout t h e i r  applicable 
Mach number range t o  determine what conceptud a l t e r a t i o n s  would 
result frcm considering a c t i v e  cooling of r o t a t i n g  machinery, 
combustors, and nozzle th roa t  at inception of t h e  concept. 
RT 52.2 - Defiue component technology l e v e l s  and t h e i r  d e s i g d p e r f o m m c e  
requirements f o r  ablat ion and t r ansp i r a t ion  cooling sys+,em. 
RT 52.3 - Define component technology l e v e l s  and t h e i r  design/performance 
requirements f o r  regenerative and r a d i a t i v e  cooling concepts. 
RT 52.4 - Experimentally evaluate individual  component performance, using 
t h i s  da t a  as a basel ine t o  assess ove ra l l  cooled-engine concept 
f e a s i b i l i t y  and avai lable  performance increment. 
RO 55 - Ixivestigate methods for reducing e w n e  noise during tekeoff and landing. 
RT 55.1 - Invest igate  noise abatemen3 systems f o r  a i rbreathing engine inlets. 
RT 55.2 - Invest igate  noise abatement systems for airbreathing engine nozzles. 
RT 55.3 - Invest igate  noise abatement systems for rocket engine nozzles. 
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80 57 - Develop and integrate engine components into a complete larRe-scale 
turborwet system. Demonstrate compatfbility snd overall performance 
throughout an applicable flight envelope. 
RT 57.1 - Perform cycle analysis for each engine concept in all operatlng 
modes +.o determir.e the necessary levels of performance for 
individual components. 
RT 57.2 - Formulate potential design concepts for each turboramjet 
component. This task includes considerations of maitrials selec- 
tion, thrust/weight, operating stress 'levels, case temperatures 
and pressures, and concept reliatilit 
RT 57.3 - Investigate engine qualification techniques (considering facility 
capability) and establish a qualification and acceptance prcgram 
for turboranjet engines. 
RT 57.4 - Verify technology of component design and operation through 
experiment at operating conditions. 
RT 57.5 - Integrate proven components into a demonstrator engine system and 
demonstrate its performance. 
RT 57.6 - Demonstrate integrated iniet/engine/nozzle concept propulsion 
systems performance over the range of Mach number, altitude, 
and attitude. 
RO 58 - Perform sufficient cycle analysis and mission analysis to select the best 
multi-mode cycle and size enp;ine for application to a specific hypersonic 
mission aircraft. 
RT 58.1 - Define representative mirsion profiles in order to identify 
the dominant characteristics which drive installed engine 
performance levels. 
P 3  58.2 - Perform cycle analyses and select candidate engixe concepts 
consistent with mission requirements. This task includes studies 
of single mode, combinatim single mode, composite cycle, and 
dual mode engines. 
K 58.3 - Perform mlssion performance studies, identifying the most 
attractive integrated propulsion system concept satisfying the 
performance objectives. This task includes considerations of 
aerodynamic performance , installed engine aerformance, and 
aircraft configuration. 
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RO 59 - 
RO 60 - 
Develop and in t eg ra t e  engine components i n t o  a complete, large-scale ramjet 
system. Demonstrate compatibil i ty .ad o v e r a l l  performance througho-t an 
applicabl . f l i g h t  envelope. 
HT 59.1 - Perfom cycle analysis  f o r  ramjet engine concepts t o  e s t ab l i sh  
necessary l e v e l s  of performance, operating environment, and 
l imi t ing  conditions f o r  engine s t a r t i n g .  
RT 59.2 - Formulate p o t e n t i a l  design concepts far each ramjet component. 
This task  includes considerations of  materials se l ec t ion ,  
t h r u s t h e i g h t ,  operating stress l e v e l s ,  case temperatures and 
pressures,  and concept r e l i a b i l i t y .  
RT 59.3 - Invest igate  .?ngine qua l i f i ca t ion  technique (consieering f a c i l i t y  
capab i l i t y )  a d  e s t a b l i s h  a qua l i f i ca t ion  and acceptance program 
f o r  man-rated ramjet engines. 
RT 59.4 - Verify technology of component design and o Ie ra t ion  through 
experiment at  0: erating conditions. 
RT 59.5 - Integrate  proven components i n t o  a demonstrator engine system 
and demonstrate i t s  performance. 
RT 59.6 - Demonstrate integrated ( i n l e t  /engine/nozzle 1 propulsion systems ' 
performance over t h e  range of Mach number, a l t i t u d e ,  and a t t i t u d e .  
Develop and i n t e g r a t e  engine components i n t o  a complete s i g n i f i c a n t l y  s ized 
convertible scramjet module. Demonstrate compatibil i ty and ove ra l l  
performance throughout an applicable f l i a t  envelope. 
RT 60.1 - Perform cycle analysis  f o r  dual mode ramjet (convertible 
scramjet) modules t o  establis;. necessary levels of performance, 
operating environment, and Mach number ,-Anits f o r  engine s t a r t i n g ,  
f o r  both the  subsonic and supersonic combustion modes. 
RT 60.2 - Formulate p o t e n t i a l  design concepts f o r  each convertible scrsmjet 
component. This t a s k  includes considerations of meterials 
se l ec t ion ,  thrust/weight,  o re ra t ing  stress l e v e l s ,  surface 
temperatures and pressures,  and concept r e l i a b i l i t y ,  
ET 60.3 - Invest igate  engine qua l i f i ca t ion  technique (considering f a c i l i t y  
capab i l i t y )  and e s t a b l i s h  a qua l i f i ca t ion  and acceptance program 
f o r  man-rated convertible scramjet engines. 
RT 60.4 - Verify technology of component design and operation through 
experiment tit operating conditions. 
RT 60.5 - Integrate  proven components i n t o  a demonstration engine module 
t o  serve as an operable base l i n e  f o r  demonstration acd determine 
i t s  performance cha rac t e r i s t i c s .  
Y +17 
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RT 617.6 - Demonstrate integrated ( inlet /engine/nozzle)  propulsion systems 
performaxe over t h e  range of Mach nmber ,  a l t i t u d e  and a”ituC!?. 
RO 61 - S v e l o p  and in t eg re t e  engine components i n t o  a complete, s ign i f i can t ly  s i z e d  
scramjet module. Demonstrace compatibil i ty and ove ra l l  performance 
throughout an appl lcable f l i g h t  envelope. 
RT i1.1 - Perform cycle analysis f o r  scramjet module concepts t o  
establish necessary levels of performance, operating environmenc, 
anu Mach number l ini ts  f o r  engine s t a r t i n g .  
RT 61.2 - FormGlate p o t e n t i a l  design corxepts f o r  each scramjet moiule 
component. T A s  t a sk  includes considerations uf mater ia ls  
s e l ec t ion ,  thrustjweight , operati??; stress l e v e l = ,  surface 
temperatures and pressures,  and cancept r e l i a b i l i t y .  
RT 61.3 - Inves “igate  engine qua l i f i ca t ion  tec\niqde (considering facil i+.y 
capab i l i t y )  and est .ablish a qua l i f i ca t ion  and acceptance program 
f o r  man-rated scramjet engines. 
RT 61.4 - Verify technology of component design and operation through 
experimer.t at  operating conditions. 
HT 61.5 - Integrate  proven cmponer1ts i n t o  a s i g n i f i c a n t l y  s ized engine 
module and demonstrate i t s  gerformance. 
RT 51.6 - Demonstrate inLegraied ( ink-a:/engine/nozzle) propulsion systems 
performance over the range of ‘%cP number, a l t i t u d e ,  and a t t i t u d e .  
BO 62 - Integrate  a rocket engine i n t o  a horizontal  d r z - o f f  a i r c rRf t  configurhtion 
and demonstrate system performance throughout ap r l i ceb le  f l i g h t  envelope. 
RT 62.1 - Invest ieate  potei . t ia1 a i r c r a f t  configurations ana rocket engine 
systems (ipcluding i u e l  tankage conce6ts) ar.d s e l e c t  t he  most 
pramising ccmbination f o r  demonstration purposes. 
RT 62.2 - Integrate  erlbine and airframe i n t o  P de-onstration vehicle.  This 
task  covers design, development, f a x i c a t i o n  and assembly of a 
s i g c i f i c a n t l y  s ized system. 
RT 62.3 - 3emo3strat operation of +,he engire  and airframe sirstem from 
launch t h r x i g k x t  an extensive maneuvering f l i g h t  envelope of 
Macn numbvr, a l t i t u d e s  , and a t t i t u d e s .  
Ru 63 - Develop i n l e t  contr,.ls f o r  hypersonic a i r c r a f t  which are simple, reliable. 
accurate,  snd have rapid response. 
RT 63.1 - Define the aerothermodynamic environment of inle.L c m t r o l  
surfaces.  
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fiL? 64 . -. 
FT 63.2 - Investigate techniques of sensor control  t o  achie;re desired 
levels  of performance. 
3” 63.3 - Define and demonstrate control  and actuator  system designs f o r  
precis ion control posi t ioning i n  f l i g h t  environments. 
E-raiuate s u i t a b i l i t y  of aux i i i a ry  tu rbo je t s  for ima ing  or’ hypersonic 
vehicles. 
irT 64.1 - Investigate the  operational aspects of a tu rbo je t  a s s i s t ed  land-  
ing mo5e f c r  hypersonic configurations t o  del ineate  advantapes 
of power a s s i s t ed  descent ar,d landing, deployment point i n  
t e rn ina i  t r a j ec to ry ,  and t h r u s t  vector or ientat ion.  
!?T 64.2 - Deternine l o w  speed s t a b i l i t y  and handiing q u a l i t i e s  w i t h  
turbojet  assist an0 coqmre with basel ine landing mode data f a r  
hypersonic conficwations.  
RO 6j - -  
‘aining e f f i c i e n t  i rxegrat ion v i t h  t h e  airframe. 
3T 65.1 - 
RT 65.2 - 
RT 65.3 - 
Invest igate  the engine exhaust nozzle requirements f o r  
turboramjets ranjets convert i t  le scramjets and s c r w e t s .  
Define performance requirements an3 possiF,le nozzle configura- 
t i ons  such = convergent - divergent,  laval, expansion - 
deflect ion,  plug nozzles which provide compatibil i ty i n  engine - 
airframe integrat ion.  
Evaluate integrated engine - airframe net thrust. afterbody, 
and boat tail drag over a representat ive f l i g h t  regine,  
ident i fying t h e  features  which contribdte favorab1:r t o  hyper- 
sonic aircrafr.  perl’ormance. 
30 67 - Deternine inlet/enKine cgmpatibii i ty c r i t e r i a  (both steady-state and time- 
varying) f o r  high-total-pressure-recovery , wide Mach range i n l e t s .  
RT 67.1 - Study +-he engine simulation techr-%que current ly  used f o r  vina 
tuxme1 tests. 
acoustic impedences and operat ional  c h w a c t e r i s t i c s  of hypersonic 
a i r c r a f t  engine concepts. 
Develop techniqiies represents t ive of the  pneumatic/ 
I?T 67.2 - Investigate techniques f o r  duplicating the  flow disturbances and 
t h e i r  e f f e c t  on t h e  time var iant  engine face pressure d i s t r i -  
butions, permitting evaluation of ac tua l  engine operations i n  
the  presence of these distrubances. 
RT 67.3 - Study and co r re l a t e  research r e s u l t s ,  using improved techniques, 
t o  derive parameters indicat ive of  engine tolerance t o  steady 
state and time variant  flow non-wiiformities. This t a s k  also 
includes formulation of integrat ion c r i t e r i a  and engine/i:.let 
design guidelines . 
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R3 6 3  - 
30 69 - 
93 70 - 
k v e l o p  oper3tional systems and procedures f o r  t he  thema '  -onditicsiz&. 
- storage,  safe handlinq, and l o g i s t i c s  of cyrogenic propellants m i x  2'' 
compztible with t y p i c a l  a i r f i e l d  requirements. 
K' 63.1 - 
IiT 68.2 - 
RT 68.3 - 
Conduct basic  research i n t c  sihcooling methods and analyze attrx- 
t5veness i n  + - e r a  of c a p i t a i  investment, operational cos t ,  L: 
complexity required t o  s i g n i f i c a n t l y  improve performance. 
includes study of such methods as l o w  p r e s s x e  bo i lo f f  (vacum 
p q i n g )  , hel iun r e f r ige ra t ion ,  and i s zn t rop ic  expansion. 
TnLz 
Provide a "Dilot plant" subcooling system t o  permit experirr.sx-.: L 
research i n t o  p o t e n t i a l  development problems, operationel  re.!^! :-..- 
merits, and v e r i f i c a t i o n  of t he  subcooling techniaue as ar.plie;i t L  
large-scale continuous production. 
Invest igate  a t t r a c t i v e  methods t o  provide techniques f o r  safe,  
e f f i c i e n t  s t c r age  and t r anspor t  of nornal bo i l i ng  point and suk- 
cooled cyrogenic propellants.  
support and minimum b a s e / f a c i l i t y  requirements. 
Consideration i s  given t o  Elobai 
- Develor, a n a l y t i c a l  co r re l a t ion  techniqaes thrcugh e n n i r i c a l  evaluat isn LC 
Demit t h e  determination of t h e  f l u i d  dynamic and thermodynamic characteris-  
t i c s  of c y m p n i c  pro-pellants i n  large horizontal  tankage i n  a vibrating. 
sloshing, pressurized envirorslent . 
N! 69.1 - Invest igate  contemporary v e r t i c a l  tank co r re l a t ion  techniques and 
research t h e i r  capab i l i t y  t o  account f o r  t ransverse geonetric and 
accelerat ion cha rac t e r i s t i c s .  Study the  parvnetr ic  va r i a t ions  in 
s losh ,  tank outfluu, and heat  f l u x  t o  determine the  e f f e c t s  upon 
o v e r z l l  heat and m s s  t r a n s f e r  within t h e  tank, proDellant gas 
qiiantities , and tank pi*essure recovery/response rates. 
Ffl' 69.2 - Design, develop, and test subscale tankage t o  e i t h e r  substmtin_'-s 
available correlat ions o r  t o  permit developing new come2 rttions . 
Research m u s t  include simulation of dynamic, pressurized, therm1 
a i r c r a f t  environnrent. 
,Xi' 69.3 - Evaluate t h e  e f f e c t s  of s losh suppression technigues and subcooled 
vs XBP operation on p r e s s w a r t  collapse p o t e n t i a l ,  tank press1x.e 
recovery, and miniclum ullage capabi l i ty .  
Develoa regenerative cryagenic heat exchsngers , thermodynamic correlat ions 
and control  systems f o r  s t r u c t u r a l  and engine ccroling which are comFatible 
x i t h  r ep resen ta i i  .-e heat loads and material temperature limits. 
RT 7C. 1 - Invest igate  regenerative cryogenic heat exchanger requirements and 
define expected neat  loads throughout t he  operating envirczment . 
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RT 70.2 - Experimentally e s t ab l i sh  f l u i d  cor re la t ions  f o r  f i lm coe f f i c i en t ,  
pressure drop, and pressure o s c i l l a t i o n s  i n  the  range of f l u i d  
p o p e r t i e s  near c r i t i c a l  temperature o r  pressure of t he  f l u i d .  
RT 70.3 - Experimentally inves t iga te  cha rac t e r i s t i c s  of mater ia l  p roper t ies  
and fabr ica t ion  techniques f o r  use i n  high temperature hydrogen 
hes t  exchanger environments. 
KT 70.4 - Invzs t iga te  designs of heat exchanger components such as heat 
exchanger panels ,  high heat f l u x  hea te r s ,  and high temperature 
cont ro l  hardware i n  a simulated operating environment. 
KT 70.5 - Inves t iga te  in tegra te2  heat exchanger systems i n  a simulated oper- 
a t ing  environment and demonstrate ultimate hea t  f l u x  c a p a b i l i t i e s ,  
l i f e /du ty  cycles and cont ro l  adequacy. 
RO 71 - Improve the  performance of new o r  e x i s t i n g  hydrocarbon fuels by increas ing  
the  hea t  s ink  po ten t i a l  and heat of combustion. 
KT 71.1 - Experimentally determine t h e  performance capab i l i t y  of inproved 
JP f u e l s  and e s t a b l i s h  fuel performance c r i t e r i a  f o r  generic 
engine and cooling concepts. 
RT 71.2 - Develop ca t a lys t  systems with reac t ion  rate/system we:-ght and cool- 
ing  f l e x i b i l i t y  cha rac t e r i s t i c s  consonant with high temperai,ure/ 
high speed a i r c r a f t  operation with c a t a l y t i c  endothermic fuels. 
FiT 71.3 - Evaluate various high dens i ty ,  high energy advanced fue l s  and addi- 
tives and t h e i r  e f f e c t s  on fundamental combuEtion p rope r t i e s ,  vehi- 
c l e  and f u e l  l o g i s t i c s  requirements. 
RO 72 - Determine f u e l  s w r 4 m  design requirements imposed by the  use of thermally 
- s t ab le  and endothermic f u e l s  i n  high temperature a i r c r a f t  environments. 
RT 72.1 - Inves t iga te  contamination limits f o r  t he  candidate fue l s  and 
evaluate  s u s c e p t i b i l i t y  of f u e l  system mater ia ls  t o  degradation 
caused by dissolved substances which might e i t h e r  p rec ip i t a t e  o r  
i n h i b i t  c a t a l y t i c  r e a c t i m s .  
RT 72.2 - Inves t iga te  i n e r t  p ressur iza t ion  techniques and inves t igz te  the  
f e e s i b i l i t y  of airborne systems t o  ensure preservat ion of f u e l  
thermal/oxidative s t a b i l i t y .  
c;N2 ( i n e r t  gas by d i r e c t  add i t ion ) ,  c a t a l y t i c  combustion ( i n e r t  
gas product) ,  and f u e l  fog (above f u e l  r i c h  l i m i t ) .  
This t a sk  includes considerations of 
FiT 72.3 - Iden t i fy  unique ground support and l o g i s t i c s  requirements t o  effec-  
t i v e l y  handle (without p o t e n t i a l  chemical reeccion) and maintain 
f u e l  pur i ty .  
REPORT MM: A0013 2 OCTOBER 1970 
VOLUME Ip PART 3 
73 - Advance the  technologr of c-woaenic f u e l  system components ir, trie Ere= or' 
reduced weight an?. increased - e l i a b i f i t y .  Pa r t i cu la r  enFhasis should t;r 
apFlied t o  l i c u i d  hydrogen s t a t i c  and dynamic se s l ing  and rotntifi-  r c : x h i R ~ : r ~  
operating 'in 3 c- ryo~enic  environment. 
RT 73.1 - Inves t iga te  mater ia ls  and t h e i r  capab i l i t y  t o  withstand the ele- 
ments of t h e i -  environment including thermal shm!;, loa& , i i c ~ r  
and embri t t lepent .  
!? 2 - Inves t iga te  fue l  system coqonent  design concepts and evaluate 
po ten t i a l  weigkkt savings and increases  i n  r e l i a b i l i t y  and perforr?.- 
alee. 
RT 73.3 - EGeriLenta1I.y inves t iga te  t h e  performance and r e l i a b i l i t y  of 
oronising f w l  system component design concepts i n  an equivalent 
o_rerational environment. 
RO 7h - S e t e r i n e  rap id  crvogenic serv ic ing  techniques necessary t o  achieve required 
react ion snd turnaround t i m e s  f o r  military and commercial vehicles .  
RT 74.1 - Inves t iga te  aircraf", operat ional  c r i t e r i a  t o  determine f u e l  load- 
ing  rates consis tent  with a i r c r a f t  ground turnaround requireaents .  
RT 74.2 - Assess l imi t ing  geometric and opera t iona l  s ca l ing  parameters 
within which meaningful d a t a  may be acquired on reduced sca l e  
tankage systems. 
RT 74.3 - Perform a parametric evaluat ion using sca l e  tankage and fue l ing  
systems t o  fully character ize  those f ac to r s  having a major impact 
on vehicle  turnaround/loading r a t e s .  This t a s k  includes consider- 
a t ions  of chilldown rate, veut s iz ing ,  f l o w  ve loc i ty ,  hazarCS, and 
subcooled fue l .  
RO 75 - Develop a i r c r a f t  f u e l  tankage concepts, system operation and cont ro l  tech- 
niques f o r  cryogenically fueled a i r c r a f t .  
RT 75.1 - Evaluate various tankage/ insulat ion concepts t o  determine t h e  ad- 
vantages of each ccnfigurat ion.  Po ten t i a l  concepts include 
integral /non-integral  tankage and in t e rna l / ex te rna l  i n su la t ion  
systems; which can be evaluated on the  b a s i s  of i n s t a l l e d  weight, 
thermal e f f ic iency ,  development r i s k ,  and o v e r a l l  system cos t .  
RT 75.2 - Develop subscale fuselage/tankage sec t ions  t o  permit experimental 
determination of p o t e n t i a l  performance and t o  i d e n t i f y  s u i t a l e  
s ca l ing  f a c t o r s ,  t he  r e l a t i v e  importance of geometric s ca l e ,  and 
the  e f f e c t s  of f u e l  flow r a t e s ,  thermal environment, pressure 
loads,  mechmical loads,  and dynamic motion. 
RT 75.3 - Determine cont ro l  techniques f o r  propel lant  u t i l i z a t i o n  and man- 
agement, and determine pressur iza t ion  requirements during both 
s t a t i c  and dy-namic environments. 
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RO 77 - Determine f lu sh  or recessed antenna design techniques n e c e s s w  t o  allow 
operation i n  the  elevated hy3e r sonic  temperature environment. 
RT 77.1 - Inves t iga te  s i z e ,  shape, and construct ion requirenents of antenna 
systems and study t h e  vehic le  s t ruc tu re  t o  determine f e a s i b l e  loca- 
t i ons  f o r  flush-mounted antenna systems. This t a sk  includes con- 
s ide ra t ion  of antenna appl ica t ions  such es communication, naviga- 
t i o n ,  i d e n t i f i c a t i o n ,  reconnaissance and d l e c t m n i c  w a r f a r e ,  as 
w e l l  as cofisiderations of vehicle  s t r u c t u r a l  i n t e g r i t y ,  t h r . ; . L i  
p ro tec t ion  and adequate antenna look anglez. 
an operat ing environment character ized by temperature, shock and 
v ibra t ion  throughout t h e  f l i g h t  envelope. 
survey of materials technology for products t h a t  w i l l  provide the  
e l e c t r i c a l  c h a r a c t e r i s t i c s  required f o r  an ac 2eptable antenna 
system. Also included are t h e  design, f ab r i ca t ion ,  test ,  and 
demonstration of antenna hardvare to investiga:e z t r u c t u r a l  integ- 
r i t y ,  transmission pa t t e rns  and frequency s t a b i l i t y  i n  an operat ing 
environment. 
RT 77.2 - Develop ana ly t i ca l  m o d e l s  f o r  pred ic t ing  antenna performance i n  
This t a sk  includes a 
RO 78 - Inves t iga te  stability augmentation systems capable of cont ro l  i n  t h e  hyper- 
sonic region, and recovery from pilot-induced o s c i l l a t i o n s .  
RT 78.1 - Analyze the  vehic le  dynamics over t h e  flight p r o f i l e  t o  d e t e d n e  
s t a b i l i t y  augmentation requirements f o r  p o t e n t i a l  cpera t iona l  
hypersonic vehicles .  
RT 78.2 - Inves%igate s t a b i l i t y  augmentation systen requirements r e l a t i v e  
t o  f l y i n g  an unstable a i r c r a f t .  
Ffi' 78.3 - Inves t iga te  and demonstrate methods t o  ensure mml i f i ca t ion  of 
des i red  l eve l s  of performance, p r i o r  t o  a i r c r a f t  develosment. 
RO 79 - Determine air da ta  measurement techniques appl icable  t o  the  hy-perso.i& 
envi rmment . 
RT 79.1 - Perform a study t o  determine those parameters, sensors ,  aqd c a l i -  
b ra t ion  techniques 1.cquired t o  define the  airplane envirmne. i t  f o r  
cont ro l  and da ta  analysis .  
RT 79.2 - Demonstrate proper operation of t he  sensors and air da ta  systeri i n  
f l i g h t  environments over t he  Mach number, e l t i t u d e ,  and att i tud, .  
range c m s i s t e n t  w i t h  t he  operat ional  vehicle  concept uncler consid- 
e r a t  i on. 
RO 23 - Develop actuat ion techniques and hardvare t o  provide necessary surface motio;?. 
RT 80.1 - Inves t iga te  surface t r a v e l ,  response requirements and dr ive  system 
operat ional  environment consonant v i  th operational. system f l i g h t  
envelope. Review e x i s t i n g  mater ia ls  p rope r t i e s ,  determine l imi t ing  
operating temperatures, t h e i r  impact on vehicle  design, and i n i t i -  
a t e  s tud ies  directed toward providing higher temperahre  f l u i d s  and 
s e a l s  where necesstAry. 
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?a 82 - 
RO 83 - 
RO 84 - 
HT 50.2 - Invest igate  tt,e relative merits Jf a l t e r n a t i v e  control  d r i i t ,  n y z -  
tems; and, perfwm research on bas i c  actuat ion techniques and 
drive systems t o  demonstrate performance, r e l i a b i l i t y ,  and . - .  .., -- 
t i o n a l  limits i n  an operat ional  environment. 
Develop zuxiliary p over u n i t s  f o r  rocket,  scram, and ramJet powered a i r c r a f t ,  
including necessary energency power equipment i n  case of  primary un i t  "s i lur - - .  
F3 82.1 - 
RT 32.2 - 
RT 82.3 - 
Evaluate various methods/energy sources f o r  obtaining aux i l i a ry  
power f o r  rocket ,  scram, and ramjet powered a i r c r a f t .  Study 
in t eg ra t ion  of t h e  most promising concepts with vehicle and 
propulsion system t o  determine operat ional  and load requii-e- 
ments/constraints. 
should be considered include bleed air, ram air, aerodynuti, 
heating, and f u e l  combustion. Studies vi11 in?xle  ..vsluat i.., 
of energy conversion tzchniques and t h e  use af  regenerative :>LL 
supply, f l u i d  pumps, e l e c t r i c  generator/motors , and auxi l iary 
turbine engines. 
Po ten t i a l  sources of avai lable  energy wi.. 
Experimentally develop basic  APU components, evaluating perf-: . ~ i c . = ,  
r e l i a b i l i t y ,  and operat ional  constraints  when s:ib j ec t sd  t o  the . A i t i -  
cipatnd thermal/dynamic environment. 
Assemble components i n t o  prototype operat ional  systems and p e r f o m  
developmental t e s t i n g  including simulation of temgerature , loaus , 
and p o t e n t i a l  component f a i l u r e  inodes . 
Develop environmental control  systems u t i l i z i n g  l i q u i d  cryogens as the  heat 
sink, based on allowable i n t e r n a l  va l l  temperatures f o r  crew a -d  pass-nger 
c m f o r t  and effect iveness .  
RT 83.1 - Invest igate  the usefulness of l i q u i d  cryogens as a reliable heat 
sink f o r  environmental cooling. This t a s k  includes considerations 
of f l i g h t  heat loads,  cabin and CG partment cooling, and accessory 
heat loads. 
RT 83.2 - Provide a funct ional  prototype of an ECS system and demonstrate 
obtainable l e v e l s  of r e l i a b i l i t y  and performance under simulated 
operat ional  conditions. 
DeveloD environmental con t ro l  systems f o r  Mach 4 t o  6 hydrocarbon fueled 
vehicles ,  based on allowable i n t e r n a l  v a l l  temperatures f o r  crew and gsssen- 
g e r  comfort and effect iveness .  
RT 84.1 - Invest igate  t h e  s u i t a b i l i t y  of current ECS concepts, 8 3  applied t o  
t h i s  c l a s s  of vehicle ,  and determine a l t e rna t ives  and combi:lations 
f o r  achieving desired performance l eve l s .  
84.2 - Provide a functional prototype of  an ECS system and dmonst ra te  
obtainable l e v e l s  of r e l i a b i l i t y  and performance wider simulated 
operational conditions. 
RO 85 - Develop launch t 
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chniques for  AAM and ASM weapons i hyperscnic f1ip;ht. 
Trr 85.1 - Investigate the potent ia l  threat / target  spectrum re la t ive  to 
operational vehicle track t o  enable evaluation of can9ldate 
missile systems. 
RT 85.2 - Jtudy methods fo r  integration of the  candi5ate weapons system 
based on experimental data. 
RT 85.3 - Experimentally es tabl ish design guidelines fo r  combinations of 
operational systems concepts, t h r e a t h a r g e t  spectrum, missile 
systems, and launch techniques applicable t o  development of the 
operational aircraft system. 
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OPERATION 
RO 87 - Evaluate various methods of terminal approach, landiw, gr ound operations, 
and takeoff for bype rsonic aircraft. 
RI 87.1 - Study and compare operational procedures for the potential opera- 
tional hypersonic aircraft with those existing for current opera- 
tional aircraft. 
exist. 
Identify where and to what extent differences 
RT 87.2 - Investigate the adequacy of existing facilities to accommodate 
hypersonic aircraft operational requirements. 
improving existing capability where appropriate. 
imum modification approaches to existing facilities and determine 
impact on poteEtial operational vehicle concepts, including the 
feasibility of the vehicle itself. 
Define programs for 
Investigate min- 
RT 87.3 - Experimentally demonstrate ground system capability to acconrmodate 
hypersonic aircraft. 
RO 89 - Investigate man-machine comatibilitv as related to the decision/time 
aspects of course alteration of a hype rsonic vehicle at both hi@ and low 
Mach numbers. 
RT 89.1 - Study various classes of potential operational vehicles and 
determine navigational requirements, degree of manual control, 
and pilot displag concepts. 
RT 89.2 - Investigate the capability of existing flight, ground, celestial, 
and setellite navigat.ional systems in terms of the navigational 
reqdj.ements end evaluate potential improvements to provide the 
needed capability. 
RT 89.3 - Investigate the navigational and information display systems 
to determine which combinations best satisfy the mission/vehicle 
requirements. 
diversion to alternate bases, and vehicle range/speed envelope. 
This task considers fuel resenres/loiter time, 
RO 93 - Investigate effects of vehicle dynamics on crew performance capability 
and passenger comfort in hypersonic flight, 
RT 93.1 - Relate human tolerances and comfort indices to the operational 
system. 
on flight/mission profile , structural design, subsystems , 
stability and control and performance. 
Evaluate resulting vehicle limits in terms of impact 
RT 93.2 - Investigate the feasibility of techniques to supplement human 
tolerances and responses to allow maximum attainment of aircraft 
performsnce. Establish design criteria for modifying the trans- 
mission of abrupt forces and motions to insure satisfactory ride 
quality. 
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RO 94 - Develop abort  and crew escape systems and procedures f e r  hypersonic 
a i r c r a f t .  .t 
RT 94.1 - Analyze the  missions of d i f f e ren t  c lasses  of hypersonic a i r c r a f t  
including mi l i t a ry  systems, launch vehicles ,  and commercial 
vehicles.  
c r i t e r i a  fo r  d i f f e ren t  po in ts  on t h e  f l i g h t  t r a j e c t o r y  from 
departure through landing. This t a sk  iccludes considerations of 
airborne crew escape, ground crew/passenger escape, crashes! 
egress over hot  s t ruc tu re ,  and f u e l  storage/disposal.  
Inves t iga te  and e s t ab l i sh  t h e  abort  and crew escape 
RT 94.2 - Invest igate  methcds t o  provide t h e  necessary procedures, vehicle  
concepts, and devices t o  a t t a i n  a l e v e l  of sa fe ty  consis tent  
with vehicle  mission and f l i g h t  condition. 
procedures developed as they impact t h e  hypersonic a i r c r a f t  
concept. This t a s k  includes considerations of concept feasi- 
b i l i t y ,  a i r c r a f t  design, vehicle  manufacture, ana systems 
operat ion. 
Evaluate t h e  
RT 94.3 - Invest igate  methods t o  adequately demonstrate t h e  desired 
abort/crew escape procedures and systems. 
mental research necessary t o  qua l i fy  t h e  abort  procedures and 
escape methods. 
Perform t h e  experi- 
RO 96 - Define and demonstrate t h e  capab i l i t y  t o  stay within specif ied operat ional  
margins and not exceed a i r c r a f t  placards (i.e., duct pressure, tempera tw-5  
s tabi l i ty ,  dynamic pressure,  and load f ac to r  limits). 
RT 96.1 - Define t h e  l i m i t s  on operat ional  parameters throughout t h e  f l i g h t  
path and maneuvering envelope f o r  d i f f e r e n t  hy-personic a i r c r a f t  
concepts. 
RT 96.2 - Invest igate  su i t ab le  crew warning techniques which may a l s o  
provide automatic cor rec t ive  ac t ion  where necessary. Experi- 
men ta l ly  in:-estigate a t t r a c t i v e  concepts, such as adaptive . 
control ,  audio warning, v i sua l  presentat ion/display,  and 
control  l imi t ing  devices.  
RO 97 - Develop leak detect ion methods far cryogenic propellant tanks.  
RT 97.1 - Invest igate  t h e  pr inc ip les  of f u e l  leak detect ion fo r  f l i g h t  
vehicle  crxogenic tankage and f u e l  systems and current  methods 
f o r  determination of external  leakage. Postulate  and evaluate 
po ten t i a l  new concepts where appropriate.  
RT 97.2 - Experimentally determine t h e  effect iveness  of a network of 
sensing systems. 
systems under simulated thermal ani! mechanical environment, 
and sca l e  t h e  system t o  representat ive f l i g h t  weight s ize .  
Invest igate  operation of most promising 
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RO 16 - Develop cor re la t ion  methods f o r  t h e  pred ic t ion  of heat t r a n s f e r  and f r i c -  
t i o n  drag fo r  tu rbulen t  boundary l ave r s  with pressure gradients  and three-  
dimensional windward flows. 
RT 16.1 - Inves t iga te  methods of co r re l a t ing  and predic t ing  heat t r ans fe r  
and f r i c t i o n  drag of three-dimensional windward surfaces  i n  
turbulent  flows. 
RT 16.2 - Inves t iga te  t h e  impact of laminar sublayer extent  and Reynolds 
analogy on heat t r a n s f e r  and f r i c t i o n  drag predict ions.  
RT 16.3 - Evaluate the  accuracy of pred ic t ion  methods through t e s t s  at 
f l i g h t  conditions. 
P.0 17 - Determine cor re la t ions  f o r  t h e  pred ic t ion  of hype rsonic  boundary l a y e r  
t r a n s i t  ion. 
RT 17.1 - Inves t iga te  the mechanfcs of boundary l aye r  t r a n s i t i o n  as 
influenced by reynolds nunber, Mach nuinber, flow gradien ts ,  and 
noise. 
RT 17.2 - Inves t iga te  the mechanisms of boundary leyer  t r a n s i t i o n  vhich 
are af fec ted  by surface inc l ina t ion ,  surface roughness, and 
angle of a t tack .  
RO 18 - Inves t iga te  t h e  use of s t r a t e g i c a l l y  located reac t ion  con t ro l  j e t s  on 
hypersonic a i r c r a f t  t o  reduce t h e  aerodynamic cont ro l  surface def lec t ion  
and surface heatinq. 
RT 18.1 - Inves t iga te  and evsluate  t h e  e f f e c t s  of def lec t ion  angle on l o c a l  
cont ro l  surface temperatures as a funct ion of reac t ion  j e ;  thrust/  
time h i s t o r y  and je t  loca t ion  f o r  equivalent cont ro l  effect iveness .  
RT 18.2 - Evaluate t h e  r e l a t i v e  payoff of r eac t ion  cont ro l  weight as com- 
pared t o  reductions in cont ro l  surface weight. 
RO 19 - Determine t h e  effect iveness  of var ious types of cont ro l  surfaces  and t h e i r  
loca t ions  f o r  providing s u f f i c i e n t  cont ro l  throughout t h e  e n t i r e  f l i g h t  
spectrum, and improve methods of pred ic t ing  aerodynamic heat ing f o r  
def lected cont ro l  surfaces .  
RT 19.1 - Inves t iga te  e f fec t iveness  of var ious cont ro l  concepts such as 
wing t i p  devices, t r a i l i n g  edge devices ,  a l l  movable sur faces ,  
canards throughout t h e  f l i g h t  regime. 
RT 19.2 - Inves t iga te  l o c a l  cont ro l  surface temperature as a funct ion of 
d e f l e c t  ion angle. 
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RO 99 - Inves t iga te  techniques t o  shorten takeoff runs by using forced r o t a t i o n  
including gimballed rocket and canard techniques. 
RT 99.1 - Inves t iga te  e f f e c t  of techniques appl icable  t o  forced r o t a t i o n  
on the  ove ra l l  aerodynamic cha rac t e r i s t i c s  such as canards, 
aux i l i a ry  rockets ,  and gimballed main rockets .  Analyze t h e  
f e a s i b i l i t y  of the  technique r e l a t i v e  t o  such considerat jcns  a s  
cont ro l  system requirements, t h r u s t  required and cont ro l ,  
p i l o t  o r ien ta t ion ,  sirframe i n t e g r i t y ,  and runways. 
RT 99.2 - Evaluate techniques consis t2nt  with providing technology 
l e v e l  required f o r  t he  po ten t i a l  operat ional  hypersonic 
a i r c r a f t  under considerat ion. 
RO 100 - Develop p r a c t i c a l  ground hold methods f o r  cryogenic systems leading t o  
quick response times and high operat ional  readiness. 
RT 100.1 - Inves t iga te  system 1imitat.ions a t t r i b u t e d  t o  ground cooldown/ 
thermal maintenance systems s i z e ,  complexity and cos t .  
Experimentally, i den t i fy  major f a c t o r s  l imi t ing  f u e l  flow 
rates f o r  rap id  c h i l l / f i l l  techniques, including iden t i f i ca t ion  
c" bene f i t s  a t t r i b u t a b l e  t o  p rech i l l i ng  o r  subcooling t h e  f u e l ,  
a d  t h e  influence of res idue1 fuel i n  t h e  tanks a f t e r  f l i g h t .  
RT 100.2 - Inves t iga te  the impact of card ida te  ground systems on design 
and operation of t h e  f l i g h t  vehicle .  
of rap id  f i l l i n g  ground hold techniques t o  iden t i fy  most 
promising system fo r  sho r t e s t  reac t ion / turn  around times. 
Demonstrate canbinations 
RO 102 - Develop inspect ion and repair techniques f o r  hypersonic vehic le  s t ruc tures .  
RT 102.1 - Compile testing, inspect ion,  and repair techniques so that a 
canprehensive view may be provided f o r  operat ional  hyper- 
sonic vehicles. 
RT 102.2 - Inves t iga te  methods t o  incorporate these procedures i n t o  a 
Lseful ,  workable program f o r  an operat ional  system. 
simulated operat ional  s i t u a t i o n ,  develop the candidate 
techniques and provide the required t r a i n i n g  t o  achieve an 
operat ional  l e v e l  of competence. 
In a 
(Page 3-30 is Blank) 
REPORT MDC A w l 3  2 OCTOBER 1970 
VOLUME Ip PART 3 
4. METHODS OF ACCOMPTdSHING R'TSEARCH TASKS 
h major Phase I11 work element involved t h e  i d t n t i f i c a t i o n  of methods t u  
accomplish the  Research Tasks l i s t e d  i n  Section 3, u t i l i z i n g  t h e  ntx conceptual 
f l i g h t  vehicles and ground f a c i l i t i e s  developed ic t h i s  study. To accomplish a 
pa r t i cu la r  Research Task may require  use of ore  or more of t hese  ground and l ' l ight 
tes t  f a c i l i t i e s .  Detailed procedures of t e s t i n g  vary widely depending cn t h e  test. 
objectives of t h e  p a r t i c u l a r  experimental program. The data  presented i n  t h i s  
sect ion i s  intende3 t o  provide an overview of t h e  t es t  methods employed i n  u t i l i z i n p  
new ground and f l i g h t  f a c i l i t i e s ,  as w e l l  as some ins igh t  i n t o  t h e  cost  of perform- 
ing these t e s t s .  
4 . 1  FLIGHT RESEARCH VXHICLES TEST METHODS 
The new f l i g h t  research vehicles developed i n  t h i s  study have been examined 
t o  determine t h e  manner i n  which they can be emploved t o  accomplish t h e  defined 
Research Tasks. This sect ion describes t h e  t es t  methods applicable t o  t h e  incivid- 
ua l  f l i g h t  Research Tasks. ' h e  tes t  methods presented herein are not m i q u e  and 
are considered t o  be standard p rac t i ce  i n  R&D f1ig::t t es t  programs. These methods, 
simply sLated, involve t h e  col lect ion of q u a l i t a t i v e  ,qd quan t i t a t ive  information 
by operating t h e  research veh ic l e .  cquipped with a r e l i i b i e  data a c q u i s i t i m  system, 
throughout i t s  envelope. The f l i c f i t  t e s t  p l v l s  f o r  t b z  Mach 6 an5 Xach 12 reseerch 
vehicles w e r e  derived by estimating t h e  f l i g h t  t e s t  Yequirements f o r  emh Research 
Task individually and thus do not represent an i x e g r a t e d  l;r.ogram f l l g h t  t e s t  plan. 
The magnitude of &fort  required t o  accompli51 each Research Task -;,-?ies wid:ly, 
and i s  dependent on t h e  following c r i t e r i a :  
( a )  Research Task requirements including: 
o Type of research involved (aerodynamics, s t ruc tu res ,  e t c )  
o Expanse of t h e  f l i g h t  vehicle operating envelope required 
o 
Resesrch vehicle caFabi l i ty  as a function o f :  
Type of t e s t i n g  rcquired (naneu.Tr6ring f l i g h t ,  c ru i se ,  e t c )  
( b )  
o Vehicle configuration 
o Vehicle perfomance 
4.1.1 
presented i n  Figure 4-1, and t h e  Mach 6 research veP.icle, shown i n  Figure 4-2, are 
?LIGHT TEST -- ?LANS - The f l i g h t  t es t  plans f o r  t h e  Mach 12 research vehicle ,  
based on t h e  following ground ru l e s :  
1. FLIGHT RESEARCH VEHICLE UTILIZATION - The estimated number of f l i g h t s  t o  
accomplish a Research Task are subdivided i n t o  two categories i n  order t o  show 
research vehicle  u t i l i z a t i o n .  
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FIGURE 4-1 
FLIGHT TEST PLANS FOd RESEARCH TASK ACCOYPLISHYENT 
YACH 12 RESEARCH VEHICLE 
B3sic Vehicle 
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FIGURE 4-1 (CONTINUED) 
Basic Vehicle (Continud) 
n O . d f h @ S  Test T4 ~ a .  
R-h ad Utilizfion 
I Typ d FIigU Tests 
- ~ a t ~ a i s  
Sprn 
'a 
201 70 18 88 79 * I *  
hiu- 
UP AC/('h. Test Tohi no. 
I 
Ir., Ped. 
H i A I .  
h, Faf. 
B z l c o l r  u. Ibc,Rlf, * * * * * * ZU.2 70 5 75 67 203 70 2 72 65 
20.4 70 18 79 
221 79 18 I 79 
COlErmt u.2 70 18 , I 79 
' 
223 70 18 I 79 
23.l 70 18 I 79 
232 10 18 88 79 !zz  233 70 18 I 79 
a1 70 18 88 79 
242 70 18 w 79 
251 70 18 I 7¶ 
252 70 18 I 79 
a.4 70 18 84 7¶ 
TcstRi * * *  
* ' t i  
* *  
* *  
* *  
* 
* *  
t *  
BNCor 
TcstRi 
BNCrc 
TatRi 
243 70 11 a 79 
253 ?a 18 a 79 * *  * *  
lWCOOlVlYlCU A#-- 
4-3 
am, M. 
-1 
Basic, Airf. 
I 
2001  Basic, Aid. 
7w 
700 
500 Basic, Airf. 
4QI 
400 
150 Basic, subs. 
160 I Basic 
200 Basic, Airf, *. 
300 Bask, AH, Slks. 
1 Basic,Airf. 
1 Lsic,Airf. 
' 
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rlGURE 4-1 (CONTINUED) 
Basic Vehicle (Continued) 
I Typ of FlieY Tests No. 
P I E  R ]  IReu'd. I 
* 1 * I  * I h . M .  I 130 I Bask-. I 
HTO/VTO Option 
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N0.d F l i m  
rad Uti l i z l ion  
kin- UP '& '*' 
10 4 14 
10 8 18 
6 16 
10 2 12 
:! I 6 16 
R-1 
T& 
NO. 
3 A 
6.2 
63 
73 
74 
9.1 
9.2 
93 
9.4 
l2.1 
l2.2 
12 3 
271 
272 
273 
341 
34 .4 
U1 
482 
u3 
48.4 
521 
513 
644 
6a5 
6e.6 
61.4 
615 
61.6 
631 
63.2 
633 
85.2 
853 
6l.2 
673 
745 
731 
73.2 
5: .i 
962 
~ d .  Test iat lctbod 
lime T e s t h i s  
Spm 
125 C o r m d  ' * m.,Im,mf. too Basic,Airi,AibRop 
1s B I J  C a c  * sm,*.,f%!ff. 
11 I Testhi sbb. 400 AMI ~ o p  
Rase (I! I&u#b t i  Pameters 
T I P  
TypedFligltTests No. 
Wd. ! P E R  & / C h .  
w I B=k*Airf, 
145 1 Test hi : I)  h ,W.  400 I hiclAirf l  A rb hop 14.5 821 Conc 
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P 1 
R M h  a d  Utilizltim Rase (1) InsbraMbtion Pnrrtus - 
I(o.dFlim ~ 9 .  T a t  Test m e w  
TYV 
Typof FligkTeds No. 1 
P E I R  Rq'd. I 
Tilr Test Basis 
SPn 
Test Tatal A / C &  
Td Brim- 
UP 
No. 
3.4 10 4 . 14 125 C # m d  1 sbb.,maa.,M. 200 ' Basic.Airf.Airb Rop. 
6 2  l2 8 20 18 BU Cac I S#,man,Rrl. 400 Basic. Aid. 
6 3  12 2 14 125 1 TestRi sbb. 100 IAbbRop. 
Basic, Airf. 
A i b  hop. 
7 3  l2 6 18 16 8121 corc 
7& 12 6 18 16 1 T a t  Ri 
9.1 l2 4 16 * strb,IbA,Rrf. 
9 1  12 4 16 
9 3  l2 6 18 16 9.4 l2 4 16 145 str),Ira,M. 
l2.1 12 125 
l22 l2 I i: 145 / C a c m e a !  
123 l2 4 I 16 145 
27.1 l2 6 ' 18 16 
272 l2 6 I 18 16 
273 12 6 18 16 
34.1 l2 6 18 16 
481 12 8 20 l8 
482 l2 8 20 18 
483 12 8 20 18 
48A l2 8 28 18 
52.4 l2 24 . 36 325 C a r c m d  
583 12 24 36 325 Caamtnt 
59& 6 6 12 
595 6 6 1 2  
596 6 6 12 . 325 
60.4 l2 24 36 325 
605 12 24 36 325 
606 12 24 36 325 
61.4 12 l2 24 215 
615 l2 l2 24 215 
61.6 l2 l2 ~ 24 21.5 
63.1 12 8 20 18 
532 l2 8 20 18 
' *  man,Rtf. 250 ' Basic,Ai, 633 l2 8 20 I8 652 12 8 20 18 
671 12 10 22 20 i ' *  ie, Aid. 
RW, sa. 
'IM Basic,Aid. i: !I Akb hop. 
Basic, Airf, 
404 ' Basic,Airf, 
, 34.4 l2 6 ~ 18 16 I colt- : 1 b , R t f .  400 I1 Airb Rop. 
Basic, Aid, 
A i b  Rop 
500 
1 . h,M. 4 m  ~ a s i e , ~ i c r , ~ i r b  ~ o p .  
Test Ri 
I i  4m h i c , ~ ~ , ~ i r b  hop. * b . , M , R c p .  
* 1  7m I 
Basic, Aid, 
: Airb f b p .  300 t 
Corrcmrl A i b  Prop. 
B IJ  Canc. 
705 12 2y 36 325 C a C m  
%; l2 24 36 325 Camcmtd 
96.l l2 24 I 36 325 1 ri- -Stisi&- 300 h u , A i r b  
, 653 l2 18 30 27 1 I * Iba.,Rlf,Rop. 3 1  I I  
672 12 10 22 20 T a t  Pri I * Ilbr.,Rrf. 
204 Basic, Aid, Airb k . ,Rr f .  I 
12 24 36 32.5 ; *  
I 733 12 24 36 325 
962 l2 24 36 325 * LwcQ. u# 1 Rop.,Sllbs. 
1 
FIGURE 4-1 (CONTINUED) 
Convertible Scramjet Option 
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NO. d FhaiS ~ 9 ,  
R-h and Utilization 
Tim ~ t s t ~ a i s  
1st 'Build- Sprn 
No. UP '"' A/C 10. 
1 BIJCOK 23.1 4 4 a 6 n 2 4 4 a 6  Test hi 2 3 3 4 4 8 6  
2 5 . 1 4 4 8 6  BUCorc 
25.4 4 4 8 6 1 Testhi 
2 ~ 4 4 8 6  31J solc 
2 8 ~ 4 4 1 6  1 TestRi 
43.l 4 8 12 9 BY coac 
432 4 a 12 9 1 Test Ri 
772 4 a 12 9 CalCUltld 
FIGURE 4-1 (CONTINUED) 
Thermal Protection System n*on 
Test Test Metbad I 
Ruse (1) lrsl 
Type d F l i H  Tests No. 
650 
I *  650 
500 i * h , W .  
paf. Hi AR. 650 
650 
650 
P E I R  Req'd. 
I 
' : \ b . . P e r f .  650 
1 ha . ,  M. 650 
: 1 mal., Paf. 650 
kn.,Rrf. E? 
I 
772 
a2 
853 
Armament Option 
17 I 17 15 12 CORC. * h.,Rrf,vpl. 250 Basic, ws. 
1 Basic,subs. 12 ' 12 11 I hi- : 1w. 
I 5 Ri 
12 1 12 11 a 
1 
Basic, Aid. I 
10.2 
101 
113 
203 
11.2 
1 Basic, Aid. 1 
590 
500 
2 10 ~ 12 10.8 1 * )Su,Rrf. Hi&,%. 500 Basic, A i .  2 :'j 12 1O.a 
2 10 12 1Od 1 Rby HiAt,Stg. 
2 10 12 10.8 R h y  I * Sbb.. Rrf, Hi AR, Stg. 500 Basic, Airf. 
)-.,MI 500 Bak,AL1. 2 io - u la8 
L 
*I 
Basic, subs. 
Staging Option 
Subsonic Turbojet Option 
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FIGURE 4-2 
FLIGHT TEST PLANS FOR RESEARCH TASK ACCOYPLISWENT 
MACH 6 RESEARCH VEHICLE 
Basic Vehicle 
W d e  0): P - Redelwuy E - Emlop Expnsim R - R e s u c h  
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FIGURE 4-2 (CONTINUED) 
Basic Vehicle (Continued) 
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FIGURE 4-2 (CONTINUED) 
Basic Vehicle (Continued) 
NO. d Flights Test Test Method ~ d .  
Span 
R e s ~ ~ h  a d  Utilization Rust (1) Instrumentation Prametm 
P E R  TYP Type of Flight Tests No. Rcq'd. 
ii 
500 
400 Basic, A i f ,  Aitb hoj 
150 1 Bask,Aib hop. 
~~ 
Ted T'a' 
Test Basis Task 
No. 
48.1 62 10 72 65 
48.2 62 10 72 65 
483 62 '0 72 65 
48.4 62 10 72 65 
, 485 62 10 72 65 
52.4 62 20 82 74 
55.1 
AiH- 
UP A/C&. 
* * *  11 Basic, Aid, Arb Test Ri * 
CMIEUralt * Iba.,paf. 
* * *  500 I 
T.O., W. , 55.2 . 5  5 4 5  )coacwed : 45 
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Resuch a d  Utiliution Tilre TcstBasis 
Build. Sprn 
UP . :IC h. Test Total NO. 
892 62 6 2 5 6  Cmcmd 893 62 6 2 5 6  
932 62 6 2 5 6  coactma! 
961 62 38 100 90 cmwmd 
96.2 62 38 100 90 
concrmt E 38 1: ! 
* 
38 1 
F'GURE 4-2 (CONTINUED) 
Basic Vehicle (Continued) 
Test TI 
 st (1) 
Typ d Flitht Teds P E R  
* *  Strb.,Ilhn, perf. 
T.O. ,M, Iba . ,M.  
* 1 T.O., W,W, 
paf, Rop 
* * *  
* 1 Lr,Pcrf. 
% 
700 
:00 
700 
7 a  
700 
?OO 
Thermal Frotection Systea Optim 
1 Basic,Akf. 
1 Bsic, AH. 
1 Basic, AH. 
1 Basic, Aid. 
- 
712 17 17 15 12 Cone * Ibn.,paf,wpl. 300 Basic, subs. 
853 
5 Ri 2 
852 l2 1 ' 12 Is 15 himay ;: 1 Basic,WS. 
Armament Option 
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( a )  Buiid-up fliKhtS - Includes those f l i g h t s  expended, when n e e e s s a y ,  durinr- 
t h e  development phases of t h e  research vehicle prograc;. In  most cases ,  
research P.pplying t o  t h e  t a sk  i s  accomplished during these f l i g h t s .  
Test f l i g h t s  - Those f l i g h t s  expended t o  accomplish any remaking unful- 
f i l l e d  research requirements a f t e r  t h e  buildup f l i g h t s  or t o  accomplish 
t h e  Research Task i n  i t s  e n t i r e t y  when buildup f l i g h t s  are not required. 
( b )  
2. TESTING TIME SF4N - Estimated time spans shown i n  these t es t  plans are th.e 
number of months required for one research a i r c r a f t  t o  perform t h e  t o t a l  number of 
f l i g h t s  needed t o  accomplish t h e  Research Task. 
avzrage f l y  rates consis tent  with the  t o t a l  research pro;ram estimate of 203 f l i g h t s  
flown by th ree  vehicles over a f i v e  year period, <.e. 1.1 f l i g h t s  per month per  
vehicle. Two exceptions t o  t h i s  f l y  rate %re employed: 
These estimztes are based on 
( a )  Mach 6 and Mach 12 vehicle TPS options - 1.3 flights/month a re  used 
because these  options would be incorporated on t h e  f u l l y  developed 
vehicle without adding a s ign i f i can t  degree of complexity. 
( b )  Mach 12 vehicle Subsonic T J  option - f i v e  fligkts/month a r e  used because 
t h e  subsonic HTO f l i g h t  operations c a .  be more conventional i n  nature 
without t h e  complexities assaciated with Tother-ship operations,  cryo- 
genic fue l s ,  long high-Mach-number f l r g h t  p r o f i l e s ,  and 8 l a rge  number 
of da t a  parametens. 
3. TEST M I S  - The purpose of t he  r e s t  bas i s  column i n  t h e  t e s t  plans is 
t o  in?icate  t h e  degree of overlap af t he  tests between Research Tasks. This cverl:r, 
i s  i d e n t i f i e d  by t h e  following terms: 
(a)  Concurrent - 
with other Research Tasks during t h e  same f l i g h t s .  
t h e  Research Task can be accomplished on E c o n c u r e n t  basis 
( b )  Prinnay- - these f l i g h t s  are  m:jre r e s t r i c t i v e  and would be devoted t o  
accomplishment of a s p e c i f i c  Research Task. 
here t h a t  each task is evaluated with respect t o  i t s  own requirements 
without regard t o  other tasks. Thertfore,  some concurrency of t e s t i n g  
is  a l s o  eSrailable during primary f l i g h t s  f o r  t a s k s  of a similar nature 
and, i n  particular, f o r  A h e r  Research Task-s which a re  applicable t o  
t h e  samt Fiesearch Objective. 
It should be r e i t e r a t e d  
Seventy build-up f l i g h t s  a r e  estimated f o r  t he  Mach 12 research vehicle and sixty-two 
build-up f l i g h t s  are estimated 
ccncurrent ( i d e n t i f i e d  as B/U conc.) m d  serve as t h e  foum-tion f o r  t h e  e n t i r e  t e s t  
program. 
t o  t h e  t a sk  ( i d e n t i f i e d  as Test P r i . ) .  
f o r  t h e  Mach 6 vehicle.  These build-up f i gh t s  are 
In most cases ,  a few f l i c n t s  a r e  needed t o  achieve spec i f i c  dbta applying 
4. TEST PHASE - The tes t  phase column defines t h a t  p l s s e  01 t h e  research 
program during which t h e  research would be performed. 
intc; t h ree  phases: 
The program i s  dialded 
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Pre-delivery Fiiase 
Envelope expansion phase 
Research phase 
It should be enphasized t h a t  research can be accomplished during a l l  t h r e e  phases, 
but most or' t he  data  i s  expected from t h e  latter two phases. 
5 .  TEST METHODS - The t e s t  methods column describes t h e  tyye of f l i g h t  t%sts 
and in s t rmen taz ion  t h a t  would be employed t o  accomr . i s h  t h e  Eesearch Tas1.s. 
( a )  TYP e of f l i g h t  tests - t h i s  column presents abbrevl-ated terms describing 
t h e  kinds of tests needed t o  accomplish t h e  Reseaisch Task. 
description of t he  t e s t s  denoted by t h e  abbreviatior is  presented as follows. 
A mor: de t a i l ed  
(1) T. C. - Take-off tests, 
o ground roll distance and contra! 
o ro t a t ion  e f f ec t s  
o l i f t -off  a t t i t u d e l s t a b i l i t y  
o acceleration forces 
o tri- changes and d i r ec t iona l  control  
( 2 )  Lnd - Landing t e s t s  
o gl ide slope 
o approach angle of a t t ack  
c7 control  response 
o f l a r e  control  
o e f f e c t s  of h igh - l i f t  devises 
o cockpit v i s i b i l i t y  
o tou-hdowrl accuracy 
o stoppi ;i, JisLance 
o ro l lou t  s l ee r ing ,  bre-king, and conti.01 
M W N R U L U -  
4-13 
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( 3 )  Stab. - S t a t i c  and dynamic s t a b i l i t y  t e x t . ;  
o l a t e r a l - d i r e c t i o n c  s t a b i l i t y  
o longi tudina l  s t a b i l i t y  
o neutral  point  
o shc r t  and long period damping 
o trim changes 
o turning performance 
o s p i r a l  s t a b i l i t y  
c s i d e s l i p s  
o descents 
Man - Maneuvering f l i g h t  tests 
o wind-up turns 
(4) 
0 pullups 
o pushovers 
o r o l l i n g  pul louts  
( 5 )  Perf. - Performance tests 
o climbs 
o accelerat ions 
o stew state c ru i se  
(6) _prop - Propulsion tests 
o engine handling (acce lera t  ions/decelerat ions 
o shutdowns 
o starts and restarts 
Hi A l t  - High a l t i t u d e  tests 
o climb p r c r i l e s  
o react ion cont ro l  response 
(7) 
o re-entry profi'.es 
4-14 
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(8) Stg  - Stage separation tests 
(9) 3- - Weapon separation tests 
Instruinentr;tilan parmeters  - 
of parameters requir-.d t o  acquire the  necessary data, and an abbreviation 
term denoting the type of parameters. The following describes the  param- 
e t e r  types. 
This colum presents the estimated number 
(1) Basic - This group is comprised of a variety of parameters vhich 
would be considered essent ia l  f o r  all f l lgh ts .  They include: 
o f l igh t  mgime - a l t i tude ,  airspeed, tenperature, a id  i n e r t i a l  
data. 
o vehicle att i tude/control - three a x i s  load factor ;  pitch,  roll, 
yaw tmgle/rate; -1 quantity, angle of attack; con5rol surface 
positions. 
o safety of fligbf, - presswes, temperatures, lo&, e l e c t r i c a l  
signals,  varning c i r cu i t s ,  and positions of c r i t i c - l  airf'rame 
and subsy.;tems. 
(2) &rf - Airframe - ei-ternal surfaces, compartments, boundcvy layer- 
control surfaces. 
o pressures - external surfaces, corpartments, boudary layer, 
control surfaces. 
o temperatures - external surfaces, substructure, compartment air ,  
subsystem components, Puel cells, control  surfaces. 
s1 st rain/ loads - external surfaces, substructure, control surface/ 
actustor/iiinges . 
o a c c e l e r a t i o n / v i b r a t i ~ ~ ~ e ~ ~  surfaces, substructure, coctrol  
surf  aces. 
o acoustic energy-compartments. 
( 3 )  Airb Prop. - Airbreathing propulsion 
o pressures and temperatures - inlet ,  exit ,  in te rna l  engine, engine 
cmpartment, engine control/subsystems/accessories/fuel, i n l e t  
cooling system. 
o strain/loads - i n l e t  control mechanisms, engine mounts, i n l e t / ex i t  
s t ruct we. 
o acceleration/vibration - e!lgine, engine accessories,f 'uel/oil 
plumbing. 
positions - i g l e t / ex i t  control,  engine control. o 
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(4) Rkt Prop - Rocket propulsion 
s pressure and temperature - engine and accessories ,  e e l  systems 
o pos i t ions  - engine can t ro l ,  engine gimballing. 
( 5 )  Subs - Subsystems - including avionics ,  f l i g h t  cont ro l ,  p rope l lac t ,  
environmental cont m l  , auxiliary power. 
c pressures,  terperatures, s t ra in l loads ,  pos i t ion ,  and e l e c t r i c a l  
s igna l s  as required t o  lacnitor performance and operst ion of t h e  
subsystems. 
4.1.2 COST OF PEZtF'OFQ4IBG RESEARCH - The cost  of accomplishing each of t h e  research 
tasks can be i rd ica tod  in terrps of t h e  f l i g h t  research vehic le  operat ing costs.  
The cost  of conducting a test progran, involving any caabination of Research Tesks, 
c m  be easikv determined irom t h e  operating cos t s  presented in t h i s  paragraph. 
The operating costs on a per  f l i g h t  basis are presented beiov for t h e  Mach 12  and 
Xach 6 basic  vehicles. 
operating costs  for t h e  Mach 12  vehic le  (87.836 mil l ion  d o l l a r s  as derived i n  
Section 4.12 of Volue  IV, F%rt I) and the Xach 6 vehic le  (92.047 n i l l i o n  d o l l a r s  
as derived i n  Sect ion 5.12 of Volme N, Part I) by 200 f l i gh t s .  
These cos t s  are de ter r ined  by dividing t h e  t o t a l  proqram 
Mach 12 basic 
Mach 6 b i c  
$440,000 
$460,000 
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I r .  2 GROUND FACILITY TET XFZ'HCDS 
The new grouna f a c i l i t i e s ,  including wind tunnels ,  a i rbrea th ing  engine test 
f a c i l i t i e s ,  and s t r u c t u r a l  t e s t  f a c i l i t i e s  which have been defined i n  t h i s  study, 
vi11 provide the  requir-4 t e s t  enviroment  within a reasonable r a q e  of obtaineble  
power, mzterisls, s t ruc tu re ,  technology, and funding. 
The conceptus1 grornd research f a c i l i t i e s  se lec ted  f o r  Phase 111 refinement 
a r e  summarized i n  Figure &-3. 
a b i l i t y  of these  new f a c i l i t i e s  a re  described i n  d e t a i l  i n  Volume 3, Par t  2. 
Desjgr. c r i t e r i a ,  arrangement, and operat ional  cap- 
These types of f a c i l i t i e s  are common t o  aeronaut ical  systems RLD, but present 
zn extensicxi of t h e  capab i l i t y  which exists i n  today's f a c i l i t i e s .  
Since these types of f a c i l i t i e s  are fami l ia r  t o  R&D engineers, it can be assumed 
t h a t  t he  methods of t e s t i n g  a r e  generally knmn. 
methods w i l l  need t o  be develoFed based on first-hand experience of f a c i l i t y  opera- 
t i a n ,  test conducting, and da ta  ana lys i s ;  h i s t o r i c a l l y ,  t h i s  has been required 
t i t h e r  t o  f u l f i l l  t h e  bas ic  purpose of new f a c i l i t i e s  o r  t o  extend t h e i r  cap- 
a b i l i t i e s .  However, t he  nethods presented i n  t h e  following m a p h s  a r e  judged 
t o  be a representa t ive  approach t o  u t i l i z i n g  t h e  f a c i l i t i e s  i n  89 experimental 
program. 
It is  t o  be q t c t e d  t h a t  new 
FIGURE 4-3 
PHASE 111 GROUND FACILITIES 
S T ! & s A ' ~ ~  '~!E?EMICAS, =ML. VIBRATIOG. ACOUSTIC, ALTITU3E.  AI;C 'YERRJAL,' 
A C O U C I C  T I U C f C T Z S  Oh' CCW'ONEXTS. '1AJOR SECPT?HS ATP T!LL SCALE VFf? ICSEc .  
4-17 
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b.2.1 
determining t h e  d a t a  re?uired t o  accomplish the task .  
be categorized as follows: 
DATA REqUIRE!  - Each Research Task has been examined f r o m  t h e  standpoint e’ 
I n  general, these  da t a  C%I: 
(a) Aerodynamics - da ta  which is bas i ca l ly  or iented tovan3 d e f i n i t i o n  of flcsr 
f i e l d  and boundary l a y e r  conditione and mechanisms on and about configuration sur- 
faces  as w e l l  as Reynolds an? sce i e  effects so t h a t  resul?-s obtained with scale 
models can -de extrapolated v i t h  confidence and applied t o  t>e fu l l - sca le  veniclz .  
The d a t a  which is t o  be used i n  t h e  evaluation of f l i g h t  concept Ctesigns reduces t o  
parameters which descr ibe vehic le  performance, s t a b i l i t y ,  control  effectiven-5, 
component loads, acoust ic  noise environ- 
and how shaping and performance of integ-ated systems affzct  t h e  l e v e l s  ~f t hese  
parameters - 
it, b*ffet onset and i n t ens i ty  l i n i t a t  l c n s ,  
(b )  Therm&.;namics - t e s t i n g  provides da t a  descr ibing aerodynamic heat ine; 
d i s t r ibu t ions  and c r i t i c a i  areas which must be protected o r  designed t o  v i th s t ind  
t h e  envimnmer-ic. 
snd sca l e  e f f e c t s  which must be evaluated and accounted for i n  a desip;n. Thermo- 
dynamic d a t a  acquis i t ion  not only covers aerodynamic heat ing,  but de f in i t i on  of 
cooling find heat ing requirements and d e f i n i t i o n  and evaluation cf t h e  systems wh5cb 
m u s t  be incorporated i n  a f l i g h t  vehicle  t o  provide t h e  thermal protect ion required 
t o  s u n i v e  the f l i g h t  environnent . 
These d a t a  also are subject t o  f l s w  f i e l d ,  boundery lzyer ,  Reynolds 
( c )  S t ruc tures  and Materials - tests are general ly  defined 8s those which 
2rovide da t a  descr ibing t h e  physical p roper t ies ,  t h e  physical/chemical compat ibi l i tv  
of material as w e l l  as mechanical, t h e m a l ,  se rv ice ,  and fabr ica t ion  propert ies .  
Gleaned from t e s t s  of a var i e ty  of models and t e s t  specimens a r e  results which pro- 
vide guidel ines  for es tab l i sh ing  fabr ica t ion ,  inspection, i n t e r n t i o n  and r e p a i r  
methods. Many of  t h e  s t r u c t u r a l  tests are conducted for the  purpose of evaluating 
t h e  performance, r e l i a b i l i t y ,  and l imi t a t ions  of s t ruc tu res  and integrated subsystems 
t o  environments of s t a t i c  and dynamic loading, temperature, and a l t i t u d e .  
(d) F’ropialsjon - d a t a  are defined as those which provide d e f i n i t i o n  of per- 
formance of t he  integrated inlet ,  e q i n e  and exhaust system as w e l l  as engine corny- 
nent, environment, performance, r e l i a b i l i t y ,  and l imi t a t ions .  These da t a  also prc- 
v ide  a basis f o r  t h e  design of  engine thennal protect ion Systems, accessory dr ives ,  
f u e l  systems, a i r  data sensor cont ro l  systems, and in tegra ted  engine des i@ ref ine-  
ment s. 
(e) Subsystems - tests produce performance d a t a  r e l a t i v e  t o  f l i g h t  cont ro l  
systems, envi romenta l  cont ro l  systems, heat exchangers, energy conversion for 
auxiliary power u n i t s ,  *el systems, mass t r a n s f e r  systems, abort/escape systems, 
antenna and air d a t a  sensor systems. 
dynamic, s t r u c t u r a l ,  propulsion, and operat ional  performance arid l imi t a t ions .  
Results are i n  terms of aerodynamic, thermo- 
( f )  Operations - d a t a  pe r t a in  t o  ground and f l i g h t  operat ions such as approach, 
landing, takeoff ,  f l i g h t  s a fe ty ,  course a l t e r a t i o n ,  crew and passenger comfort, 
abort and escape, ground hold, inspect ion,  and repa i r .  
by means of  combined f l i g h t  systans and ex i s t ing  airport f a c i l i t i e s .  However, some 
elements requi re  d a t a  obtained i n  the  aforementioned technica l  areaz using ex i s t ing  
and new grow-6 research f a c i l i t i e s .  
f a c i l i t y  t e s t i n g  include landing, takeoff ,  and escape systems. 
Resul.ts a r e  obtained l a rqe ly  
Those t h a t  r equ i r e  extensive ground research 
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4.2.2 
mental ground research data may be separated i n t o  categories which are iden t i f i ed  
MODELS A l i i  TEST SPECIMENS - Mode1.s and test specimens for obtaining experi- 
by t h e  type of " s c i l i t y  i n  vhich they are tc be tested. 
gories  are simply: 
and ( c )  s t r u c t u r a l  tes t  specimens. These i t e m s  are cmsidered basic  t o  any tes t  
program and do not include integrated subsystems which are described i n  Section 
4.2.3. 
In  general ,  t hese  cate- 
( a )  wind tunnel mod-els, (b )  experimental engines and components, 
(a )  Wind Tunnel Models are designed t o  provide basic  aerod-mimic, themo- 
dynamic, and i n l e t  performmce data. If limited s t r i c t l y  t o  configuration evalu- 
at.lon, invest igat ion capab i l i t y  i s  a lso  l%i t ed ;  t he re fo re ,  a number of  spec ia l  
model designs are nezessary t o  provide proper simulation of cverall f l i g h t  environ- 
ment and t o  provide t h e  various means of instrumenting and medsurinK t h e  descrl'bed 
incl-mental  e f f ec t s .  
ccytributions of configuration components, the e f f e c t s  of stacing and separation, 
e f f e c t s  of surface i r r e g u l a r i t i e s ,  evaluation o f  dynamic s t a b i l i t y  der ivat ives ,  t h e  
effects of ae ro themoe las t i c i ty  , e f f e c t s  of inlet and e x i t  flow, evaluation of 
base and b o a t t a i l  drag, skin f r i c t i o n  drag, net  t h r u s t  (T-D), evaluation of inlet  
and engine face and exhaust environment, e f f e c t s  of  cooling by means of mass 
addition t o  t h e  boundary layer, and t h e  effects and effect iveness  04 yeaction con- 
t r o l  and surface control  devices. 
These models are designed t o  provide invest igat ions of  the: 
(b )  Experinental Engines and Components are required f o r  evaluation of pro- 
pulsion concepts as w e l l  as t h e  invest igat ion of component designs. Experimental 
engines include inlet  components and engine core components, such as compressors, 
cmbJs to r s ,  turbines ,  and nozzles, ail of  which are integrated i n t o  a tes t  setup. 
The experimental engine concept may be characterized a s  a tu rbo je t ,  turboramjet, 
ramjet, scramjet, o r  convertible scramjet,and i ts  f a c i l i t y  i n s t a l l a t i o n  could pro- 
vide f o r  measurement of  integrated performance and t h e  performance of its components 
and accessory drives.  
( c )  S t ruc tu ra l  Test Specimens provide a means of evalxating a wide range of 
s t r u c t u r a l  corxepts kom simple material c o u p n s  t o  a full-scale s t r u c t u r a l  vehicle .  
Some o f t h e  t e s t  items i n  t h i s  range include coated material coupons, TF5 insulat ion 
panels, leading edge s t ruc tu res ,  control  surface struct'ares, substructures,  major 
full-scale s t r u c t u r a l  sect ions,  tackage s t ruc tu re ,  integrated TPS, and tankage. 
I n  m a n y  cases,  subscale tankage is  used i n  l i e u  of more cos t ly  fu l l - s ca l e  s t ruc tu res  
t o  develop and subs t an t i a t e  ana ly t i ca l  models. In  these  cases ,  several  models vary- 
ing i n  s i z e  m a y  be necessary t o  evaluate sca l e  e f f e c t s  on t h e  evaluation of a given 
c o ~  cept . 
4.2.3 
by t h e  &icular  t es t  program an a very s e l e c t i v e  basis,dependinq on t h e  nature  of 
?EST EQUIPMENT AND SUBSYSTRG - T e s t  equipment ruld subsystems are required 
t h e  tes t  t o  De condllcted. Furthermore, a great v a r i e t y  of such equipment and sub- 
systems may be required,depending on t h e  number of variables and/or concepts whizh 
are t o  be evaluated. 
developed from concurrent research, they are considered t o  be items independent of 
models and test  specimens. O f t e n  they are necessar i ly  integrated with t h e  aodel and 
tes t  specimen t o  produce t h e  appropriate effects which are t o  be measured o r  t o  
provide t h e  appropriate enviroment within which t h e  system is t o  be investigated 
o r  evaluated. Like t h e  models themselves, test  equipnent and subsystems may vary 
Since many of these  systems inccrporate design c r i t e r i a  
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i n  s i z e  t o  suit. t h e  model o r  t es t  specimen and t o  obtain sca l e  e f f ec t s .  
it is  of pr inary k p o r t a n c e  t h a t  t h e  subsystem provide t h e  desired degree of  s i m -  
u l a t  ion r e l a t i v e  t o  t h e  f l i g h t  a r t i c l e  ar.d, therefore ,  r equ i r e s  ca re fu l  a t t e n t  ion 
t o  design d e t a i l s ,  t h e  parameters t o  be simulated, and t h e  f a c i l i t y  environment 
i n  which it is  t o  be tes ted.  These considerations indicate  t h a t  several subsystms 
m. be required to achieve simulation consisfect  with t he  fs?.ilits i n  which t h e  
t es t  is  conducted. 
following categories:  
Systems, Fuel Systems, Environmental Control Systems, Miscellaneous Systems, and 
T e s t  Hardware. 
I n  addi t ion,  
Test equipment and subsystems may be considered t o  fa;l ir. t h e  
Simulation Systems, Control Systems, Thermal Protention 
(a )  Simulation Systems are per t inent  t o  wind tunnel  testing and include re- 
motely control led engine simulators,  exhaust gas simulators,  and bouzdary l aye r  re- 
moval and mass addi t ion systems. 
t h e  desired simulation of  t h e  fu l l - s ca l e  device and t h e  flow field/boundary l ayc r  
i n t e rac t ion  e f f e c t s  which are t o  be evaluated. It should be noted t ka t  special  
a t t e n t i o n  must be given t o  these  s b d a t o r s  because considerable c o s t s  w i l l  be 
incurred i n  design, development, ana ca l ib ra t ion  i f  both s u i t a b l e  simulation and 
d a t a  acquis i t ion are t o  be achieved. 
The requirement of t hese  systems i s  t o  produce 
(b) Control Systems include inlet  systems (remotely-controlled ramps, bleeds 
and t h r o t t l i n g  systems), actuator  systems, con t ro l  l i m i t  systems, and r eac t ion  
control  systems. 
( c )  
concepts such as ablat ion materials, t r ansp i r a t ion  cooling and regenerative cooling. 
These systems a lso  cover material and s t r u c t u r a l  coatings,  heat exchangers a A d  
f l u i d  flow systems. 
Thermal Protection Systens include structural and engine cooling system 
(d )  Fuel Systems include cooling systems, loading systems, tankwe,  and l e a k  
detect ion systems. 
( e )  Ikvirwxcental Control Systems include l i q u i d  cryogen and hydrocarbon 
types and t h e  associated heat exchanger components, panels,  and integrated system 
as w e l l  as heaters  f o r  those areas which r equ i r e  high heat flux. 
( f )  
escape systems, crew warning systems, aux i l i a ry  p o w e r  systems, and crew/passenger 
modules. 
a r a t ion  and depl.oyment of crew modules from t h e  integrated a i r c r a f t j  could be a 
very s ign i f i can t  research program i n  i t se l f  and should be treated accordingly. 
Miscellaneous Subsystems include antenna systems, annament systems, abort /  
It should be noted t h a t  research of escape systems (which involve sep- 
( g  ) Miscellaneous Test Equipment includes wind tunnel  model support systems, 
engine i n s t a l l a t i d  hardware, and support f ixtures and j i g s  f o r  s t r u c t u r a l  and 
environmental tests. 
s y s t e m  for separation e f f e c t s  testing using wind tunnel  m o d e l s .  This system is 
considered t o  be a relatively c o s t l y  i t e m ,  s ince extensive instrumentation and 
computer equipment i s  required as w e l l  as programming and maintenance support. 
Special  a t t e n t i o n  i s  given only t c  automated dual support 
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4.2.4 INSTRUMEVTATION - Collective t e s t  programs as diszussed herein present a 
broad requirement f o r  instrumentation devices. While t h e r e  are many types of 
instruments, they can be categorized by the parameters which are measured such as: 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
St ra in  
Accelerat ion 
Pressure 
Temperature 
Deflect ion IDisplac ement 
Voltage 
Current 
Frequency 
Power 
Radiation, Light, and Acoustics . 
High degrees of sophis t icat ion of t h e  instrumentation have been a t t a i n d  by 
ref ining and/or combining t h e  p r inc ip l e s  of  measurement associs ted with the  above. 
Extension of basic instrumentation f o r  t he  purpose of  measuring such d a t a  as gas 
composition and density,  f l u i d  film thickness,  Prequency spec t r a l  dens i t i e s ,  t rans-  
mission pa t t e rns ,  hazard detect ion such as fie1 systez! leaks,  automatic checkout, 
r ad ia t ion ,  l i g h t ,  and acoust ics  has been achieved,and it can be expected tha t  future  
refinements w i l l  be m a d e  t o  meet t h e  needs of measurement. Becmse t h e  choice of 
spec i f i c  instruments is so broad, only a f e w  of  t h e  most obvious instrumentations are 
presented i n  Figure 4-4 t o  i l l u s t r a t e  t h e  needs of  spec i f i c  test programs. 
4.2.5 
a basis fo r  t h e  Research T e s t  MeIhods Matrix presented i n  Figure 4-4. 
Task is listed by number i n  Figure 4-5 along with data requirements, type tests t o  
be conducted. sr.! Zbc i l i t i e s  t o  * e  used. 
are specif ied,  only those t a s k s  which r equ i r e  t e s t i n g  i n  nev ground facil i t ies are 
shown i n  Figure 4-4 t o  i l l u s t r a t e  t h e  po ten t i a l  capab i l i t f e s  of t h e  new f a c i l i t i e s  
as w e l l  as the  d e s i r a b i l i t y  of using mult iple  f a c i l i t i e s  t o  pro-fide a high degree 
of  v e r i f i c a t i o n  of r e su l t s .  
APPLICABLE RESEARCH TASKS - The Research Tasks presented i n  Section 3 provide 
Each Research 
While both ex i s t ing  and new f a c i l i t i e s  
5.2.6 C O T  OF PERFORMING RESMCH - The elements consider& t o  affect t h e  cost  of 
conducting research i n  new ground t es t  facilities are bas i ca l ly  t h e  cost  of tes t  
hardware and t h e  cost  of  f a c i l i t y  operation. 
research costs.  
Summation of t h e s e  elements y i e l d s  
( a )  Test Hardware Costs are accurately derived from d e f i n i t i v e  descr ipt ions 
The d e f i n i t i o n  of of every part, irhich is  required f o r  a p a r t i c u l a r  test program. 
tes t  hardwere presented i n  t h i s  sect ion is not considered t o  be p rec i se ,  b u t  r a t h e r  
a first order estimate of t y p i c a l  models, test  specimens, subsystems, support sys- 
tems, and instrunentat ion which nay be used t o  conduct experimental research. 
t he  tes t  hardware cos t s  presented i n  Figure 4-4 are judged reasonable approximations. 
Thus, 
[ b )  F a c i l i t y  Operating Costs are discussed i n  d e t a i l  i n  Fart 2 of  Volume I V .  
It is su f f i c i en t  t o  say t h a t  cos t s  are presented i n  t h i s  volume i n  d o l l a r s  per 
occupancy hour; therefore ,  t h e  cos t  of a particular research program depends on t h e  
amount of t e s t i n g  or t h e  duration of  t e s t i n g  i n  each f a c i l i t y .  
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( c )  Research cos t s  f o r  a given Researc.: Task are obtained as follows: 
o Determine data required 
o Determine cos t  of models o r  t e s t  specimen t o  be provided 
0 Determine cost  of  subsystems and tes t  equipment required 
o Determine cost  o f  instrumentation required 
o Determine f a c i l i t i e 9  t o  be used, t he  durat ion of testinp; required,  
and t h e  product o f  occupancy hours times d o l l a r s  per occupancy hour 
o Sum elements 2 through > f o r  each d a t a  required ::em. 
4.2.7 FACILITY UTILIZATION CONSIDERATIONS- - The capab i l i t y  01 a f a c i l i t y  t o  accmi- 
p l i s h  experimental research is a d i r e c t  
t h e  accuracy with which desired parameters can be neasured. The new ground f a c i l -  
i t i e s  provide s ign i f i can t  increases i n  environmental simulation over t h a t  which is  
avai lable  today, but t h e  techniques of exploi t ing t h i s  capab i l i t y  become import2i.t 
t a sks  i n  themselvrs. Areas requir ing major improvement include t h e  following: 
mction of t h e  degree of simulation and 
(3) Engine I r? le t /Bi t  n o w  Simulation - This type of  simulation i s  importact 
f o r  dl propulsion ccncepts involved i n  wind tunnel tests i n  which t h e  objectives 
are t o  evaluate t h e  e f f e c t s  of i n l e t  flow and s p i l l a g e  on drag and s t a b i l i t y  and/ 
o r  t h e  e f f e c t s  of  exhaust gas imsingement, i n t e rac t ion ,  and radiatfon on l o c a l  
fuselage contouring and s t ruc tu re  and t h e  effects on net t h r u s t  and s t a b i l i t y .  
Simultaneous simulation of t hese  e f f e c t s  i s  considered t o  be parmount i f  i n l e t  
sp i l l age  flows are l a rge  enough t; jn t e rac t  and a f f e c t  e x i t  flows. Achievement of 
these invest igat ions w i l l  require  deve lopent  of s m a l l  engine simulators with remote 
controls  t o  provide t h e  necessary induced i n l e t  flow and e x i t  t h r u s t  with simulation 
of plume pressure r a t i o s  end exhaust temperatures. 
vides near-future p r m i s e  of t h e  development of  supersonic engine simulators of t h e  
tu rbo je t  snd high bypass-turbofan type. Anticipation i s  t h a t  t h r u s t  and temper- 
atures w i l l  be c lose ly  simulated while presslire r a t i o s  w i l l  k e  somewhat less than 
desired because o f  reduced eff ic iency of  small compressors. Plumes, of course, car 
be  adjusted by varying n0zzl.e configuration and exhaust pressures. 
Current state of t h e  art  pro- 
Ramjet, scramjet, ard convsr t ible  scramjet engine simulation is  considered t o  
be somewhat less complex because of t h e  absence of r o t a t i n g  machinery. Some com- 
p l ~ i t i e s ,  however: can be expected i n  provisions of thermal protect ion i n  these  
simulators as w e l l  as t h e i r  i n t eg ra t ion  i n t o  airframes which r equ i r e  cantouring +,o 
obtain optimum ne t  t h rus t .  
(b )  Acoustic Noise Research - Extensive r e s e a ~ c h  has been perfomed r e l a t i v e  
t o  Jet engine and rocket exhaust noise, as w e l l  as to  its propagation. This re- 
search has considered both t h e  near and f a r - f i e ld  r-tfects r e l a t i n n  t o  vehicle  acous- 
t i c  pressure loading and t o  t h e  problems o f  cornunity noise. 
predict ing noise l e v e l s  have been derived and acoustic source regions about, through, 
and dcwnstream of flowing systems can be iden t i f i ed .  
energy loss,such as geometric s?reading, s c a t t e r i n g  and r e f r ac t ion  of t h e  sound 
waves, molecular absorption and other  i r r e v e r s i b l e  processes,may be expressed 
empirically. 
fore ,  ana ly t i ca l  models cannot be wri t ten which descr ibe,  i n  d e t a i l ,  t h e  e f f e c t s  
of f l u t t e r ,  f l uc tua t ing  boundary l aye r s ,  vortex shed and shock wave interact ion.  
Ehpirical  methods of 
The f a c t o r s  which a f f e c t  noise 
The f-mdamental sources of noise,  however, are not known and, there- 
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It has been said t h a t  t h i s  area of  research i s  one of t h e  most fundamental unex- 
plored areas of  f l u i d  mechanics and involves t h e  generation of  noise through sero- 
dynamic in t e rac t ion  with various bodies. Since invest igat ions of t h e  fundamentals 
have j u s t  begun, i t  can be expected t h a t  a consi2erable e f f o r t  w i l l  be required t o  
a t t a i n  t h e  desired level of knowledge with which t o  write t h e  mathematical models. 
( c )  Buffet In t ens i ty  Research - This is another r e l a t i v e l y  new mea of  inves- 
t i g a t i o n  which requires  study of t h e  msthods of analyzing t h e  transmission of 
dynamic ioads through t h e  airframe and of predict ing t h e  e f f e c t s  on s t r u c t u r a l  c m -  
ponents such as skin,  shinqles,  and panels, and upon t h e  p i l o t  o r  crew relative t o  
performing t h e i r  in-f l ight  f h c t i o n s .  Methods of  measurement of  t h e  dynamic inten- 
sity exis t  today, but t h e  major problem i n  applying these  measurements w i l l  l i e  i n  
t h e  scaling of data t o  be obtained from subscale models. Obtainable data accuracy 
depends l a rge ly  on t h e  degree of s t r u c t u r a l  and f l i g h t  environment simulation which 
can be achieved. 
( d )  TeEperature and Heat Transfer - Ins ixmen ta t ion  f o r  measurements a t  
temperatures greater  than 2000'F (1366OK) present a basic  problem. 
eters provide some capab i l i t y  f o r  high-temperative measurement, but  a r e  not s u i t a b l e  
f o r  many invest igat ions of s t r u c t u r a l  heating and boundary l a y e r  invest igat ions.  
proved thermocouple materials, coatings,  and sensing techniques w i l l  be required t o  
provide the  necessary capabi l i ty  i n  t h i s  area.  
Optical  pyrom- 
I m -  
( e )  Thrust and Engine Mass Flow - Instrumentation and measurement techniques 
are considered t o  be a s ign i f i can t  problem i n  t h i s  area, s ince  t h e  quan t i t i e s  t o  
be measured are beyond t h e  c a p a b i l i t i e s  of ex i s t ing  airbreathing engine t e s t  f a c i l -  
i t i es .  
1,553,000 N/sec) and a i r f l o v  w i l l  range from 1000 t o  2000 lb/sec (4 ,448  t o  8,896 
N/sec). The new ground te ; t  f a c i l i t i e s  w i l l  provide s u f f i c i e n t  a i r f lows,  but  it 
i s  not c l e a r  at t h i s  t i m e  how these  flows - r i l l  be measured. F a c i l i t y  capc+bility 
w i l l  be l imi t ed  t o  about 1OO;OOO l b  (444,800 N )  of t h r u s t  which wi1!- require  spec ia l  
balance designs. A grea te r  problem i n  t h r u s t  measuremmt i s  t h e  f a c t  t h a t  t e s t i n g  
of scramjets w i l l  be l imited t o  s ing le  modules and t h e  t o t a l  t h r u s t  must be assumed 
t o  be addi t ive unless t e s t i n g  of scale6 engines can y i e l d  accurate correction fac- 
t o r s .  Any r e su l t i ng  e r ro r s  i n  t h r u s t  measurements w i l l  b e  r e f l ec t ed  i n  performance 
through spec i f i c  f u e l  consumption f ac to r s  obtained from t h e  new f a c i l i t  
Engine t h r u s t  w i l l  be i n  t h e  range of 100,000 t o  350,000 3 !&44,800 t o  
(Page 4-21; is blark) 
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EXPERIMENTAL GROUND RESEARCH METHODS 
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RT ' DATA S Q U I R E D  TYP5 TESTS 
1.1 tiigh L i f t  Aerodynamic 
S t a b i l i t y  and Cont ro l  
Aerodynamic Loads - 
Takeof f / tandinp.  Pe r fo rmace  
Per fomance  Power E f f e c t s  
1.2 High L i f t  Aerodynamic 
1.3 High L i f t  Aerodynamic 
Propuls ive  L i f t  E f f e c t s  
Ground E f f e c t s  
Buffe t  Onset 
Adverse C.C. E f f e c t s  
Trim C a p a b i l i t y  
Avai lab le  Control Power 
1.4 S t a b i l i t y  and Control Handling Characteristics 
2.1 S t a b i l i t y  and Control Aerodynamic 
Aerodynanic Loads 
2.2 Performance Aerodyaaric 
S t a b i l i t y  and Control Shaping E f f e c t s  
Boundary * ayer  S t a t e  Jet E f f e c t s  
2.3 PerforPance Aerodynamic 
I n l e t  P o s i t i o n  
S t a b i l i t y  and Control Pe t  Thrus t  
Raxi-m L i f t  Buffet  On5et 
2.4 S t a b i l i t y  and Control Handlirg Characteristics 
Adverse C.C. E f f e c t s  
T r i m  Capabi l i ty  
Avai lab le  Cont ro l  Power 
(U) FIGURE 4-5 
RESEARCH TASK CORRELATION WITH TESTING REQUIREMENTS 
FACILITIES 
E x i s t i n g  Lou Speed Wind Tunnels 
E x i s t i n g  Lou Speed W i d  Tunnels 
E x i s t i n g  Lou Speed Wind Tunnels 
F l i g h t  S i s J l a t o r s  
FKis t ing  Subsonic/Transonic 
Uind Tunnels + GI; 20 (Len 1) 
E x i s t i n g  Subsonic/Transonic 
Wind Tunnels + CD 20 (Leg 1) 
E x i s t i n g  Subsorlic/Transonic 
W i d  Tunnels + CD 20 (Leg 1) 
F l i g h t  S imula tors  
3.3 Perfnrmancc: Aerodynamic E x i s t i n g  High Supersoaic/Hyper- 
Aerodynamic Stabi1;ty 
ReynoldslScale E f f e c t s  
Aerodynamic S t a b i l i t y  Jet E f f e c t s  sonic Wind Tunnels + CD 20.  
s o n i c  Wind Tunnels + (9 20, 
Boundary Layer S t a t e  0 7  
3.4 Per fomance  Aerodynamic E x i s t i n g  High SupersoniclHyper- 
- G D 7  
4.1 Aerodynamic Heating Heat T r a n s f e r  E x i s t i n g  High Supersonic/Byper- 
sonic wind Tunnels + GD 20. 
CD 7. E 9. E 20. 
s o n i c  Wind Tunnels + (T 20,  
CD 7 .  E 9. E 20. 
sonic  Wind TunneAs + GD 20. 
4.2 AeLadynamic Heating Heat T r a n s f e r  E x i s t i n g  High Supersonic/Hyper- 
4.3 Aerodynamic Heating Heat Transfer  E x i s t i n g  High Superson;c/Hyper- 
Boundary Layer S t a t e  
R e p o l d s / S c a l e  E f f e c t s  GD 7. E 9. E 20. 
5.1 S t a b i l i t y  and Cont ro l  F ly ing  QuAl i t  ies F l i r h t  S i l u l a t o r s  
5.2 Control System Response Flyinn Qu8lities F l i g h t  S i l r l s t o r s  
5.3 C e n t r a l  System Dynamics P i l o t  Response F l i g h t  S i m l a t o r s  
Coctrol C . p a b i l I t t  
S t r u c t u r a l  F l e x i b i l i t y  
1 E f f e c t s  
Perf  o r m n c e  
I S t a b i l i t y  and Control 
E x i s t i n g  High Supersonic/Ityper- I Shaping E f f e c t s  I s o n i c  W i d  Tunnels + GD 20. Aerodynamic 
I 3.2 j S t a b i l i t y  and Control 
Aerodynamic Loads 
Aerodynamic I E x i s t i n g  High Supersonic/Hyper- I s o n i c  Wind Tunnel, + GD 20, 
PRECEDING PAGE BLANX NOT F U L  
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RT 
6.1 
6.2 
6.3 
7 . 1  
7.2 
7.3 
9.1 
9.2 
9.3 
9.4 
10.1 
10.2 
11.1 
11.2 
11.3 
12.1 
12.2 
- 
12.3 
14.1 
14.2 
-- 
- 
(U) FIGURE 4-5 
RESEARCP TASK CORRELATION WITH TESTING REQUIREMENTS (Continued) 
DATA REQ!!iRED 
Flow f i e l d  C i a r a c t e r i s t i c s  
P e r i x - a n c t  
S t aa i l , t v -and  G n t r o l  
F1.w Fi r .d  Qlaracteristics 
r e r z o m  :e 
t r a b l l i t v  a d  C O U t C O l  
Flow F'ela C h a r a c t e r i s t i c s  
Perf or lance 
S t a b i l i t y  and Control 
J e t  Eliects S i r u l a t i o n  
Requiremr t s  
Flov Pi zld C h a r a c t e r i s t i c s  
Aerc:pric Loads 
Pressure Di sc r ibu t ious  
k r o d y n a d c  Heating 
kous t i~  Wise 
Perf J-ce 
S t a b i l i t y  and C m t r o l  
Shaving E f f e c t s  
Perfo-ce 
S t a b i l i t y  and Cont ro l  
- - 
Perfo-ce 
S t a b i l i t y  d Control 
Perf  ormaace 
S t a b i l i t y  and Control  
k r o d y l Y r i c  l o r d s l P r e s s u r e s  
k r o d m c  ticatin. 
Seraratiai COilceots 
Flaw F ie ld  C h a r a c t e r i s t i c s  
krodyo..ic Loads/Pressbres 
Acoustic Noise 
Shaping E f f e c t s  
Second Stage Control  During 
Bouodary Layer S t a t e  
krodvruric Heac i t a  
Flow F i e l d / h u o d a r y  Layer S t a t e  
k p o l d s / S c a l e  Ef fec t  - 
Shaping r f f e c t s  
Bourdary Layer S t a t e  
Seoaration 
t u f f e t  Q s e t / I n t e n s i t y  
S h a d =  E f f e c t s  
F l a r  F i e ld  Charrtetiscics 
TYPE TESTS 
krody.mmic 
Control  Su r face  
Posi t iw. inn 
Engine Luct I n l e t  
P o s i t  ioninn 
I n t e g r a t e d  Configurat ion 
k r o d v a m i c  
Aerodynamic 
Ana ly t i ca l  Tash 
-- 
herodynuic 
Jet E f f s r ; s / N e t  Thrust 
b a t  T r m s f c r  
Fluctuati-tg P res su re  
k r o d y a a r i c  
Jet E f f e c t s  
- 
Aerodynrric 
I n l e t / E x i t  Flw E f f e c t s  
Aerothe-lastic E f f e c t s  
krod@c 
Stage Integratiar 
Evaluat ion 
k a t  Transfer 
Analy t ica l  Task 
k r o d y u l u i c  
mat Trans fe r  
FACILITIES 
Ex i s t ing  Hiah Supersonic/Hyper- 
s o n i c  Wind Tunnels + GD 2 0 .  
c D 7  
Exis t ing  High Supersonic/Hyper- 
s o n i c  Wind Tunnels + Xl 20.  
E x i s t i n g  High Supsrsonic/Hyprr- 
s o n i c  Kind Tunnels + GD 25,. 
CA 7 
None 
- 
~~ 
E x i s t i n g  Lou Speed. Ttacsilnic.  
Supersonic  ani Hyp;:scn'c Wind 
Tunnels + GD 20. G3 7 
Exis t ing  Lou Speed, Transonic,  
Supersonic  and Hypersonic Wind 
Tunnels + CD 20. CD 7 
E x i s t i n g  L ~ K  Speed, Transonic,  
Supersonic  a d  Hypersonic Wind 
Tuunels + CD 20, GD 7. E 2 0 ,  
and E 9. 
E x i s t i n g  Lw Speed, Transonic.  
Supersonic  a d  Hypersonic Wind 
Tullnels + CD 20. (;o 7. E 20.  
and E 9.  
Exis t ing  Lou Speed, Transonic ,  
Supersonic  and Hypersonic Wind 
Tunnels + GD 20 and GD 7. 
wow 
Exist ic ;  Hypersonic Win0 Tunnels 
+ G D 2 0 a n d G D 7  
Jet E f f e c t s  
~ e p a r a t i o n / P r o x i r i t y  
krodynuic 
Heat Trans fe r  
Aerdynamic 
Sur face  I r r e g u l a r i t y  
E f f e c t s  
E x i s t i n g  flypersonic Wind Tunnels 
Ex i s t ing  Hypersonic Xind Tunnels 
+ CD 20 and GD 7 
+ GD 20 and GD 7 
E x i s t i n g  Hypersonic Wind Tunnels 
+ (;D 20 and GU 7 boundary Layer Control 
on Ioc l ined  Surfaces and 
Inlet IIups 
AerodyDuic 
kcdynamic Buffet  Onset 
E f f r c t s  o f  U a a t e d y  Flow E x i s t i n g  Transonic Wind Tunnels I 
E x i s t i n g  Transonir  Wind Tunnels 
and I n t m s i t y  Tests and CD 20 
F ie ld  Condition on Buf fe t  and GD 20 I 
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RT DATA REQUlRED 
14.3 I Buffet  Onse t / Io t eas i ty  
15.1 k o u s t i c  Noise h v i r o r r e n t  
15.3 
15.2 Acoustic Noise Envirorrwot 
Shaping E f f e r t s  I-  
16.1 Bouodary Layer S t a t e  
krodpamic Heating 
16.2 AeroGyoanic Eczting 
R e p o l d s / S c a i e  E f f e c t s  
16.3 Aerodpaic Heating 
17.1 Boounia9 Layer S t a t e  
Rey-.tolds Number E f f e c t s  
Acas t ic  Noise Eovi roment  
17.2 Boundary Layer S t a t e  
Surface Shapiog Ef fec t s  
(U) FIGURE 4-5 
rYPE TESTS FACILITIES 
Basic Configuration Buffet  
&set rad I n t e n s i t y  Tests + GD 20 
Sonic Boom Frequency a d  
I n t e n s i t y  Near and Far 
Fie ld  Woise k k a s u r e r o t s  CD 7 
S.-nic ba Frequency ad 
I n t e n s i t y  Near a d  Far 
F ie ld  Woisc I l c a s u r e m t s  CD 7 
Trausfar  a d  Skin 
F r i c t i m  Tes t s  CD 7. E 20 and E 9 
Traos fe r  a d  Skin 
F r i c t i o n  T e s t s  CD 7. E 20 and E 9 
Traosfer  and Skin 
F r i c t i o n  T e s t s  CD 7. E 20 a d  E 9 
1 
Exis t iog  Transonic Wind Tunnels 
Ex i s t ing  Supersonic and Hyper- 
son ic  Wind T U M ~ S  + (I) 20 and 
Exis t ing  Supersonic and H y p e r -  
son ic  Wiod T u m e l s  + GD 20 and 
Exis t ing  Supersonic and Hyper- 
s m i c  Wind Tunnels + CD 20, 
Ex i s t iog  Supersooic and Hyper- 
son ic  Wind Tunnels + CD 20, 
Ex i s t ing  S u p e r s m i c  and Byper- 
s o n i c  Wind Tunnels + (;D 20, 
Windva.d Surface  Heat 
Windturd Surface  Heat 
Windward Surface Ekat 
Aeradmic Ex i s t ing  Supersonic ad H y p e r -  
Flow C r d i m r  E f f e c t s  son ic  Wind T u n a c l s  + CD 20. 
R e s s u r e  T e s t s  
Sur face  I r r e g u l a r i t y  
F luc tua t iog  Surface  GD 7, E m E 9 
k r o d y w m i c  Ex i s t iog  Supersonic a d  H y p e r -  
s o n i c  Wind Tunoels + GD 20, 
Ef f e c t s  GD 7. E 20 a d  E 9 
RESEARCH TASK CORRELATION WITH TESTING REQUIREMENT3 (Continued) 
k r o d y n d c  
Reaction Cont ro l  Jet I E f f e c t s  Ex i s t ing  Supersonic a d  Hyper- son ic  Wind Tumrcls + CD 20, ( D 7 , E 2 0 a o d E 9  Control E f fec t ivcnc r s  Aerodyorric Beating 
t 
I 
19.1 
19.2 
20.1 
20 2 
20.3 
20.4 
22.1 
Heat Transfer  
Control E f fec t ive res s  Aerodynamic Ex i s t ing  Wiod Tuanels i n  All 
k r o d p a r i c  Heatiog Control Sur face  Speed Ranges + 20 d CD 7 
k r o d m i c  Heat ing k r o d y n m i c  Ex i s t ing  Wind Tunaels i n  A l l  . 
Ef f  ect 'veness 
Beat Trauafer  on 
Deflec ted  Cont ro l  
Surf aces 
Rut Transfer  Dis t r ibu-  
tiom on Caplete 
Conf imrat ions 
krcdynric  Heating Iherrod-c Ex i s t ing  Supersooic a d  Hyper- 
Reactiar Control Jet 
E f f e c t s  GD 7. 6 20 and E 9 
k r o d m c  Heating lbelrodfaric Ex i s t ing  Supersonic and Eyper- 
Speed Raoges + CD 20 d CD 7 
krodyluic Beating T h e r m d p n i c  Ex i s t ing  Supersooic and Hyper- 
Reyoolds h k r  Effec t s  sonic W i d  Tunnels + (9 20, 
CD 7, E 20 nnd E 9 
wmic  W i d  TUMtlS  + CD 20, 
S t a g i n g / k p u a t i o u  Hmic Wind Tunnels + a 20. - E f f e c t s  GD 7. E 20 8d E 9 
Flow Field/Beunduy Layer S t a t e  Iherrodynmic k i s t i n g  Supersonic a d  Hyper- 
Aeroddynuic I leat ins  P red ic t ion /  soaic Wind Tunnels + 6) 20, 
k r o d m c  Heating ' I h C l r o d W C  Ex i s t ing  Supersonic a d  Byper-  
Subs tan t i a t ion  CD 7. E 20 a d  E 9 
lieat T r w f e r  d SUO w n i c  W i n d  Tunnels + K). 
T w e r 8 t u r e 8  Q) 7. c 20 a d  I 9  
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k K O d y U 8 d C  &L.tilS 
Shaping E f f e c t s  
P e r f o r m m e  
k r o d m % C  h a t i n g  
A e r o d y n r i c  Heating 
kcrodynmric kat- 
Perf ormnce 
krodyo . l i c  Heating 
- 
Flow Field S t a t e  
Boundary Layer S t a t e  
k r o d y n r i c  Heating 
(U) FIGURE 4-5 
TYPE TESTS 
T h e r m d y a p i c  
Protuberance Shape 
E f f e c t s  on L o u 1  Skin  
I a p e r a t u r e s  
Surface  I r r e g u l a r i t i e s  
E f f e c t s  
kss Transfer  E f f e c t s  
Heat Transfer  
Skin  F r i c t i o n  
!lass Trans fe r  E f f e c t s  
Subs tan t i a t ion  
Hcat Transfer  
Skin  F r i c t i o n  
T h e d y n r i c  
Thermodynamic 
T h e d m i c  
Thervdynamic 
Ti# Varien t  Condition 
E f f e c t s  
Ablation E f f e c t s  
T ransp i r a t ion  E f f e c t s  
Leeside Flow Conditions 
The rmdyl ru i c  
T h e d y n a m i c  
Leeside Boundary Layer 
Condi t ioas  
T h e d y n a m i c  
Leeside Heat Transfer  
Leeside Skin  F r i c t i o n  
.- 
RT 
22.2 
- 
22.3 
23.1 
k r o d y o l i c  Heating 
F l a r  Field/Bouadary Layer S t a t e  
krodylkmic Reatiag 
Reynolds/Sclle E f f e c t s  
23.2 
~- 
'Iberrodynadc Ex i s t ing  Supersonic and H y p e r -  
E f f e c t s  o f  Interml and sonlr  Wind Tunnels and Thermal 
E x t e d  V i e w  Factors  on 
E q u i l i b r i u  Surface  
Temmratures 
T h e m y n a i c  Ex i s t ing  Supersonic and Hyper- 
Hcat Trans fe r  son ic  Wind TuMelS and Thermal 
Jet E f f e c t s  F a c i l i t i e s  + Q 20. GD 7 .  E 20. 
F a c i l i t i e s  + GD 20, Q 7. E 20. 
E 9 and S 20 
23.3 
24.1 
24.2 
24.3 
25.1 
25.2 
25.3 
25.4 
26.3 
27.1 
27.2 
27.3 
Physical  Properties 
P h y s i c a l / C h a i c a l  C0mpatibil i ;y 
Service R o p e r t i e s  
The rm1  ProBer t i e s /Ef fec t s  
F d r i c a t  ion Proper t ies 
Fobr ica t ioa  tktbods 
The- P r o o e r t i u / E f f e c t s  
Fabrimtior? &itbods 
Irupect ia  nrbods 
licwir Ilrthod. 
28.1 
28.2 
- 
28.3 
Materials Ex i s t  ing TherPall  S t r i c  t u r a l  
F a c i l i t i e s  + S 20 fmhge T h e m 1  
Pro tec t ion  System 
S t r u c t u r e s  Ex i s t ing  Theras l lS t ruc tu ro l  
Tanluge &?Nl .rd PIcchanical /Structural  
P r o t e c t i o n  System F a c i l i t i e s  + S 20 
Tankage NDE f a c i l i t i e s  + S 20 
Techniauu 
S t r u c t u r e s  Ex i s t ing  k c h a n i c a l / S t r u c t u r a l  
RESEARCH TASK CORRELATION WITH TESTING REQUIREMENTS (Continued) 
k r o d y n r i c  Heating Thellodpnric 
c.p now E f f e c t s  
&at Trans fe r  
FACILITIES 
Ex i s t ing  Supersonic and Hyper- 
s o n i c  Wind Tunnels + GD 2 0 ,  
GD 7,  E 20 and E 9 
Ex i s t ing  Superscnic and Hyper- 
son ic  Wind Tunnels + CD 20. 
0 7.  E 20 and E 9 
Ex i s t ing  Supersonic and Hyper- 
son ic  Wind Tunnels + GD 20, 
GD 7 ,  E 20 and E 9 
Exis t ing  Supersonic and Hyper- 
sonic Wind Tunnels + GD 20. 
CD 7 ,  E 20 and E 9 
Exis t ing  Supersonic and Hyper- 
son ic  Uind Tunnels + GD 2 0 ,  
GD 7. E 20 and E 9 
Exis t ing  Supersonic and Hyper- 
son ic  Uind Tunnels + GD 20, 
Go 7. E 20 and E 9 
E x i s t i n g  Supersonic and Hyper- 
s o n i c  Wind Tunnels + CD 20. 
(;D 7. E 20 and E 9 
E x i s t i n g  Supersonic and Hyper- 
s o n i c  Wind Tunnels + c;D 20, 
GD 7. E 20 and E 9 
E x i s t i n g  Supersonic and Hyper- 
son ic  Wind Tunnels + GD 20, 
GD 7. E 20 and E 9 
I n t e g r a t e d  Fuselage and 
Tankage 
lheraal /Uechanical /  
A l t i t u d e  and Fuel  Flow 
Tes t s  
I n t e g r a t e d  Fuselage and 
Tankage NOE Techniques 
t r u c t u r e s  
F a c i l i t i e s  + S 20 
E x i s t i n g  Ilechanical/Strus:ural  
F a c i l i t i e s  + S 20 
Tes t s  I 
v la ly t i ca l  Task None 
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RESEARCH TASK CORRELATION WITH TESTING REQUIREMENTS (Continued) 
I 
~~ ~ 
DATA REQUIRED 
Colbined Environment E f f e c t s  
I FACILITIES 
~ 
t r u c t u r e s  
Tankage S t r u c t u r e  and 
TPS V e r i f i c a t i o n  
Therma l /kchan ica l /  
A l t i t u d e  and Fuel Flow 
Ex i s t ing  Combined Environnent 
F a c i l i t i e s  + S 20 
I n t e g r a t i o n  Methods 
Sbaping E f f e c t s  
Coubined Env i romzn t  E f f e c t s  
30.1 
I 
30.2 
30.3 
Fabr i ca t ion  k t h o d s  
Znspccticn &:hods 
Repair Methods 
Combined EnvirollPent E f f e c t s  t r u c t u r e s  
I n t e g r a t e d  Fuselage a d  
Tankage 
Thexmal/Hechauical/ 
A l t i t u d e  and Fuel  Flow 
Ex i s t ing  Combined Environment 
F a c i l i t i e s  + S 20 
32.1 
32.2 
E x i s t i n g  ' Ihel la l /Xechanical  
S t r u c t u r a l  a d  High Temperature 
Flow F a c i l i t i e s  + S 20, E 20 
a a d E 9  
Thermal P r o p e r t i e s / E f f e c t s  
Xechanical P rope r t i e s  
Physical  P r o p i t i e s  
Se rv ice  P r o p e r t i e s  - Oxidation Resistaxe 
Fabrics cion Methods 
Physical/Chemical Compatibi l i ty  
Oxidation Resis tance 
taterials 
Coated Leading Edge 
Haterial T e s t s  i n  a 
High Temperature 
Oxidizing Enviroloent  
t r u c t u r e s  
Coated Leading Edge 
S t r u c t u r a l  Tes t s  i n  a 
High Temperature 
Oxidizing Enviroueent 
32.3 E x i s t i n g  T h e m a l / l k c h m i c a l  
S t r u c t u r a l  a d  High Temperature 
Flow F a c i l i t i e s  + S 20, E 20 
and E 9 
~ 
Control  Surface Phys ica l  
and Environmental Boundaries 
'IPS Performance 
Actuator  Systems Performance 
Fabr i ca t ion  Ye thods 
33.1 
33.2 E x i s t i n g  ' I h e n m l / k c h a n i c a l  
S t r u c t u r a l  and High Temperature 
A i r  Flow F a c i l i t i e s  and Whd 
funne l s  + GD 20, GD 7. E 9 ,  
E 20 aad S 20 
, t r u c t u r e s  
Control  Su r face  TPS and 
Actuator  Systems Tes t s  
Under Conditions of  
Temperature and Loa6 
I 33.3 Se rv ice  P r o p e r t i e s  Performance. R e l i a b i l i t y ,  Limits  E x i s t i n g  ' I h~rns l /Uechaa ica l  S t r u c t u r a l  a d  High Temperature 
Air Flok F a c i l i t i e s  a d  Wind 
Tunnels + GD 20, GD 7 ,  E 9. 
E 20 and S 20 
h i s t i n g  ' I h e r u l / S t r u c t u r a l ,  
F lu id  Flow and High Temperature 
Air Flow F a c i l i t i e s  + S 20, 
E 2 0 a d E 9  
' t r u c t u r e s  
Control  Surface TPS and 
Actuator  Syotems T e s t s  
Under CoUditiUUS Of 
T e w e r a t u r e  d Load 
l t ruc tu res  and Materials 
Heat Exchanger S y ~ t a  
Panel  Tes t s  Under 
Operat ing Cord i t loas  of 
Temperature, P res su re  
and Fluid F l w  
l a t e r i a l s  
Heat Exchanger Il.teri8ls 
and Flu id  Ccmpa t ib j l i t y  
T e s t s  Under C O d i t i O M  
o f  T e m e r a t u r e  and 
Phys ica l  P r o p e r t i e s  
?hemal  P r o p e r t i e s  
Fabr i ca t ion  Techniques 
34.1 
Physical/Chemical Compa t ib i l i t y  -I Exist  lug Thermal/ S t r u c t u r a l  and Fluid Flow F a c i l i t i e s  + S 20 Pressu re  I 
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Heat Exchanger Flow Passage 
Geometry 
P e r f o m c e .  R e l i a b i l i t y .  L i m i t s  
Qua l i f i ca t ion ,  V e r i f i c a t i o n  
L i m i t s  of Surface  Smoothness 
and I r r e g u l a r i t y  
Physical  P r o p e r t i e s  
Iherul P r o p e r t i e s  
Phys ica l /Chedca l  Compat ib i l i ty  
h i d a t  ion Eesis tame 
Service R o p e r t i e s  
RT 
34.3 
34.4 
35.1 
35.2 
36.2 
Analy t i ca l  :ask None 
S t r u c t u r e s  Ex i s t ing  Thermal /S t ruc tura l ,  
Heat Exchanger Panel Fluid Flow, High Temperature 
Environment Tests Under A i r  Flow F a c i l i t i e s  and Wind 
Conditions of F l i g h t  Tunnels + GD 20. GD 7. E 9 
Heat Trans fe r  Fates and and S 20 
Fluid Flow 
Major S t r u c t u r a l  Sec t ion  S t r u c t u r a l ,  High Temperature Air 
Tests Under Conditions Flow F Y - i l i t i e s  and L'ino Tunnels 
of Temperature and 
M c h a n i c a l  Load 
Materials E x i s t i n g  Thermal/Mchanical/  
Coupon T e s t s  Under S t r u c t u r a l ,  and High Temperature 
Conditions of Flow F a c i l i t i e s  + E 20, E 9 ,  
Temperature and and S 20 
Mechanical Load 
S t r u c t u r e s  Ex i s t ing  rhermal/Hechanical/  
+ GD 20, GD 7. E 9 and S 20 
36.3 
38.1 
38.2 
3P.3 
S t r u c t u r e s  
F u l l  Sca le  S t r u c t u r a l  
Component Tests Urder 
Conditions of Terpera- 
t u r e  and Xechauical 
39.1 
39.2 
40.1 
40.2 
40.3 
- 
E x i s t i n g  Thermal/Uechanical/ 
S t r u c t u r a l ,  and High Temperature 
Flow F a c i l i t i e s  + E 20, D 9 ,  
and S 20 
(U) FIGURE 4-5 
RESEARCH TASK CORRELATION WITH TESTING REQUIREMENTS (Continued) 
Fuel Slosh M e s / I n t e a s i t i e s  
I n e r t i a l  Forces/C.C. 
Pe r tu rba t ions ,  S t a b i l i t y  
and Cont ro l  
Acoustic Noise Environment 
Hear F ie ld  Noise E f f e c t s  
- 
Inspect ion Hethods (NDE) 
- a ~ p c c t i o n  Hethodo (NDE) 
Service P r o p e r t i e s  
DATA REQUIRED I TYPE TESTS I FACILITIES 
Qua l i t i e s  
Fuel S losh  Tes t s  t o  + s 20 
Evalua te  Slash 
Suppression Devices 
S t r u c t u r e s  d Materials Ex i s t ing  TLlermal/Acoustic. High 
T h e r u l / A c ~ u s t i c  Tes ta  Temperaturp A i r  Flow F a c i l i t i e s  
of Thin Gauge S t r u c t u r a l  and Wind h n n e l s  + GD 2 0 ,  GD 7 ,  
Conwnents E 20. E 9 rnd S 20 
S t r u c t u r e s  Ex i s t ing  Fuei S losh  Facil i t ies 
I h a l v t i u l  Task None 
S t r u c t u r e s  E x i s t i n g  Thermal/Xechanical 
Combined Envi romen ta l  S t r u c t u r a l  a.id Theraa l /Acous t ic  
Tests of Ca l ib ra t ed  F a c i l i t i e s ,  end High Temperature 
F a i l u r e  Specimen8 Flow F a c i l i t i e s  + E 9 and S 20 
Combined E n v l r o a u n t a l  S t r u c t u r a l  ant' T h e r u l / A c o * i s t i c  
Tests of Cal ib ra t ed  F a c i l i t i e s ,  a rd  High Temperature 
F a i l u r e  S W C ~ ~ M  Flow F a c i l i t i e s  + E 9 a d  S 20 
S t r u c t u r e s  Ex i s t  ing llie mal /&c han ical  
Service P r o p e r t i e s  
h i d a t i o n  Resistance 
Fuel S losh  W e s / I n t e n s i t i e s  
I n e r t i a l  Forces/C.C. 
Pe r tu rba t ions ,  S t a b i l i t y  
and Control 
I Load I 
S t r u c t u r e s  
Fuel Slosh Tes t s  t o  
Evalua te  t h e  Fluid 
D y n a i c s  E f f e c t s  on 
S t r u c t u r a l  Loading 
and Tank Desinn 
Fuel Slosh Tes t s  t o  
I Eva lua te  t h e  E f f e c t s  
of Fluid Inertial 
1 Forces and C.G. 
Pe r tu rba t ions  on 
A i r c r a f t  Handling 
S t r u c t u r e s  
Ex i s t ing  Fuel S losh  Facil i t ies 
+ s 20 
E x i s t i a g  Fuel S losh  Facilities 
+ s 20 
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RESEPSCH TASK CORRELATION WITH TESTING REQUIREMENTS (Continued) 
RT 
41.1 
41.2 
47.1 
43.1 
43.2 
DATA REQUIRED 
Commnent Weight - AccJuatinx Systems 
Performance, R e l i a b i l i t y ,  L i m i t s  
Phys ica l ,  Thermal and kkchanical  
P r o p e r t i e s  and Repair Techniques 
Ph) s ica '  Thermal Fabr ica t ion  
anc Serv ice  T r o p e r t i e s  and 
Physical  /Chemical C o w - t i b i l i t y  
-- 
TYPE TESTS 
Analy t ica l  Tasks 
FACILITIES 
None 
E x i s t i n g  Thermal/Meerhanical 
S t r u c t u r a l  F a c i l i t i e s  + S 20 
S t r u c t u r e s  
Thermal/Plechaai, a11 
S t r u c t u r a l  T e s t s  of 
Halor S t r u c t u r a l  Sect ions 
Thermal/Uechanical/ 
A l t i t u d e  T e s t s  of  
Reusable TkS ?later ia l  
Coupons 
S t r u c t u r e s  and Materials 
T h e m l / H e c h a n i c a l /  
A l t i t u d e  Tes ts  of 
Reusable TPS S t r u c t u r a l  
Componen t s 
Therral /&chanical /  
A l t i t u d e  Tes ts  of h j o r  
S t r u c t u r a l  Sec t ions  
with Reusable TPS. 
Hater  ia l  s 
S t r u c t u r e s  
Analy t ica l  Task 
Exis t ing  Thermal /Mechanical/ 
A l t i t u d e  F a c i l t i i e s ,  High 
Temperature A i r  Flow F a c i l i t i e s  
+ E 20, E 9 and S 20 
Serv ice  P r o p e r t i e s  
Inspec t ion  Methods 
Re3air Methods 
E x i s t i n g  Thermal/&chanical 
A l t i t u d e  F a c i l i t i e s  + E 20. 
E 9 and S 20 
43.3 Fabricat ion.  Inspec t ion  and 
R e p a i r  Methods 
E x i s t i n g  Thermal/&chanical 
A l t i t u d e  F a c i l i t i e s  + S 20 
~ ~~~ 
Reusable TPS Experimental 
Data Corre la t ions  
I d e n t i f i c a t i o n  of Advanced 
Haterials 
Phys ica l ,  Chemical. Thermal, 
Fabr ica t ion  and Serv ice  
P r o p e r t i e s  
Hone 43.4 
44.1 
44.2 
45.1 
Analy t ica l  T s k  
Materials 
Ihernal /Xechauical /  
S t r u c t u r a l  T e s t s  of 
Advanced Uaterial 
couwns  
Analy t ica l  -ask 
None 
Exis t ing  'Ihernal/Mechanical/ 
S t r u c t u r a l  F a c i l i t i e s  
None S u i t a b i l i L y  of  Fabr ica t ion  
Techniques 
F a b r i c a t i o n  Hethods, 
P r o p e r t i e s  and E f f e c t  
45.2 Exis t ing  Mechanical /Structural  
F a c i l i t i e s ,  High Temperature 
A i r  Flou F a c i l i t i e s  + E 20. 
E 9 and S 20 
S t r u c t u r a l  
Fabricat ic . .  *-.+tc iments 
.w I.': cLec > a r c r i a l s  
ava L w : e s  S t r u t u r a l  
t;%i -Ii.Csr*l ;s -- -_ 
Strucr - : r t s  
Combb- .d Enviroment  
S t r u c t u r a l  Elements lod 
Assemblies 
Analy t ica l  Tank 
Tes ts  Of COUpOUS 8Ud 
45.3 Fabr ica t ion  Methods 
Q u a l i f i c a t i o n  and V e r i f i c a t i o n  
~ ~~~ 
E x i s t k g  Themal/Uechanical /  
S t r u c t u r a l ,  and Thermal/Acoustic 
F a c i l i t i e s  and High Temperature 
A i r  Flow F a c i l i t i e s  + E 20,  E 9 
None 
a d  S-20 
46.1 
~ ~~ 
Estimated Environments f o r  
Bearings, Lubr icants ,  Closure 
S e a l s ,  T i r e s ,  Wind Shie lds  
and Rdoocs 
Performance, R e l i a b i l i t y ,  
L i m i t s  
Serv ice  P r o p e r t i e s  
46.2 S t r u c t u r e s  and H u t e r l a l s  
Combined Pnvironownt 
Testa  of Systcir C a -  
poncnts Such 81 Bearings,  
Lubr icants ,  Clorurc  
S e a l s ,  Tire., W i n d  
S h i e l d r  aad Wowr 
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RESEARCH TASK CORRELATION WITH TESTING REQUIREMENTS (Continued) 
DATA REQUIRED TYPE TESTS 1 FACILITIES RT 
48.1 
- -  
1.8.2 
40.3 
Flow Fie ld  S t a t e  Ex i s t ing  Wind Tunnels + GD 7 ,  
GD 20. E 20 and E 9 
Propuls ion  
Fuselage Flov F ie ld  
Tests t o  Deterrim 
P o t e n t i a l  I n l e t  
Locations 
Airflow Per fomance  
TesLs  of  D i f f e ren t  
I n l e t  Classes and S izes  
I n l e t  Ai r  Flov Tes t s  of  
D i f f e ren t  I n l e t  Designs 
and Forebody Shapes t o  
De t e r r i n e  Perf ornance, 
S t a b i l i t y  and Contro l  
E f f e c t s  
Propuls ion  
Propuls ion  
Ana ly t i ca l  Tasks 
~ ~ ~ 
Exis t ing  Wind Tuunnels + GD 7 ,  
GD 20, E 20 and E 9. 
Inlet Control S y s t m  Perfomancf. 
I n l e t / E n g i m  Force Envi roment  
Shaping E f f e c t  
Reynolds/Scale E f f e c t s  
I n l e t  Control System Perfo-ce 
I n l e t  Engine Face Environrent 
Performance, Shaping E f f e c t s ,  
S t a b i l i t y  and Contro l  
Ex i s t ing  Wind Tunnels + GD 7 ,  
GD 20, E 20 and E 9 
48.4 
-. 
52.1 
52.2 
52.3 
52.4 
Engine Cooling Co3cepts 
Ablation and Transp i r a t ion  
Cooling Technology 
Regeneration a d  Radia t ive  
Coolinn Technolonv 
Engine Cooliiig Coacepts 
Per f  orrance 
None 
Ex i s t ing  Engine Tes t  and High 
Temperature Air Flow F a c i l i t i e s  
+ E  9 and E 20 
R o p u l s i o n  
Engine Component Tes t s  
t o  Determine Cooling 
System and Engine 
P e r f o r v n c e  
wine I n l e t  Noise 
Abatement S y s t e r -  
Propulsion Acoustic Noise Eavlrorment Ex i s t ing  Engine Tes t  and Wind 
Tunnel F a c i l i t i e s  + Q 20 and 
E 20 
55.1 
55. i 
Teats  I 
Exis t ing  Engine Tes t  and Wind 
Tunnel F a c i l i t i e s  + GD 20 end 
E 20 
Acoustic Noise Envi id l r en t  Propuls ion  
Airbrea th ing  Engine 
Nozzle Noise &at-nt. 
Systems Tes t s  
Rocket Engine Nozzle 
Noise Abatement Systems 
Tes ts  
Propulsion 
- 
Analy t ica l  Tasks 
55.3 Acoustic Noise Environment Ex i s t ing  Engine Test and Wind 
Tunnel F a c i l i t i e s  + GD 20 and 
L 20 
None 57.1 
57.2 
57.3 
-- 
57.4 
57.5 
57.6 
58.1 
58.2 
Turboramjet Cycle Analyscs 
Turboramjet Colponent Design 
Def in i t i on  of Qua l i f i ca t ion  
Engine Component Performance 
Concepts 
P r z g r u  
Ex i s t ing  Turboramjet Engine and 
Cosonen t  Test F a c i l i t i e s  + 
E 20 and E 9 
Propuls ion  
Turboramjet Gamponent 
and In t eg ra t ed  Core 
Engine Tes ts  in Opera- 
t i n n  Environments 
In t eg ra t ed  T u r b o r u j e i  
I n l e t / E a g i n c / ~ s t ~ e  
Performance Tes t s  
Propuls ion  
Aaa ly t i ca l  Tasks 
In t eg ra t ed  Engine Performance Ex i s t ing  Turboramjet Engine Test 
F a c i l i t i e s  + E 20 and E 9 
Def in i t i on  of Hission P r o f i l e s  
h l t i - W e  Eaninc Cycle kralrses 
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rYPE TISTS 
Propulsion 
InLCgrated Iklti-Me 
Engine P e r f o r v l r e  T e s t s  
P lus  k r o d y d c  Inlet/ 
Exit Flow E f f e c t s  T e s t s  
k r a l y t i c a l  Tasks 
(U) FIGURE 4-5 
RESEARCH TASK CORRELATION WITH TESTING REQUIREMENTS (Continued) 
FACILITIES 
E x i s t i n g  Engine Test  a d  W i d  
Tunnel F a c i l i t i e s  
b e  
RT 
5a. 3 
PATA REQUIRED 
In teg ra t ed  Engine Pe r fomance  
krodynarnic Performance 
Propulsion 
Ramjet Componert and 
In t eg ra t ed  rare Engine 
Tes t s  i n  Operat ing 
h v i r o m e n t s  
In t eg ra t ed  Ramjet 
I n l e t / h g i n e  Nozzle 
Performance Tests 
Propulsion 
Analyt ical  Tauis  
Ramjet Corrponent Design COnccpts 
E x i s t i n g  R a m j e t  Engine. and 
Colponent T e s t s  F a c i l i t i e s  + 
E 20 and E 9 
E x i s t i n g  R a m j e t  Engire T e s t  
F a c i l i t i e s  + E 20 aad E 9 
None 
In t eg ra t ed  Engine Performance r
Propulsion 
Convert ible  S c r a u j e t  
Components and In t e -  
g ra t ed  Core Engirrc 
Tes t s  i n  Oper r t tng  
Environrents  
In t eg r8 ted  Convert ible  
S c r u j e t  ~ n l e t / ~ n g i n c /  
Nozzle P e r f o r u n c e  T e s t s  
Propulb!on 
Ana ly t i ca l  Tasks 
Convert ibls  Scramjet Cycle 
CSJ Gmponent i k s i g n  Concepts 
Def in i t i on  rJf Q u a l i f i c a t i o n  
E x i s t i n g  CSJ/R.J wine m?d 
Coqonen t  Tes t  F a c i l i t i e s  + 
E 20 and E 9 
E x i s t i n g  CSJ/RJ Engine T e s t  
F a c i l i t i e s  + E 20 a d  E 9 
None 
I 60*6 
Candidate HTU A i r c r a f t  Configura- 
t i o n s  and Rocket Engines f o r  
I n t e n r a t  i on  
! k r o d y n a i c ,  Therwdynamic. 
' S t r u c t u r a l ,  Haterial, Propuls ion,  
Subsystem and Operat ions Data 
as Required 
In t eg ra t ed  Engine Pe r io r t ance  
Propuls ion 
Development T e s t s  f o r  
f n t e g r a t i o o  of  a Rocket 
Engine i n t o  a HI0 Nr- 
c r a f t  Conflmratiou 
c--- Scramjet Component Design r m c e p t  
61.3 r - f i n i t i o n  of Q u a l i f i c a t i o c  
'. 0kr.I 
All Applicable  Types of  E x i s t i q  
Grouod Tes t  Fac l l l t i em + GD 20, 
CD 7 lad S 20 
~~~ 
In t eg ra t ed  Engine Performance 
62.1 
62.2 
L I 
Propuls ion 
Scramjet Corponri ts  and 
In t eg ra t ed  Core Engine 
Tes t s  in Operat ing 
Environ-ntm 
In teg ra t ed  Scrrmj e t  
Inlet /Engine/Noszle  
Performance T e s t s  
Propuls ion 
Ana ly t i ca l  T 8 S h  
E x i s t i n g  S c r a j e t  Engine and 
Cmponent T e s t  F a c i l i t i e s  + E 9 
~~ ~~ 
E x i s t i n g  Scramjet Engine Test  
F a c i l i t i e s  + E 9 
None 
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62.3 P e r f o r u a c e ,  R e l i a b i l i t y ,  L i m i t s  
~ l i f i u t i o n i v e r i f i c a t i o n  
~~ 
63.1 I n l e t k g i m  Face Env i ronwr t  
Flow Field/Bourdary Layer S t a t e  
k r o d m i c  Loads and Beating 
63.2 Sensor Cont ro l  System Performance 
63.3 Actuator S y s t a s  P e r f o r u n s r  
--- - ~ 
54.1 Performaice 
64.2 S t a b i l i t y  a d  Control 
65.1 Engine Exhaust Nozzle 
Requirements f o r  TRJ, RJ, CSJ 6 
SJ Engines 
65.2 Shaping E f f e c t s  
~~ ~ 
65.3 P e r f o m a x 2  
Shaping E f f e c t s  
67.1 Inlet /Englne Environment 
67.2 Inlet /Engine Face Envi ronmnt  
67.3 
~ 
68.1 Procedures,  !k thods ,  Techniques 
rYPE TESTS 
Propulsion 
Developmental and Qual!- 
f i c a t i o n  Tcs t s  of a 
Rocket Poverad HTU 
A i r c r a f t  
Propulsion 
I n l e t  M r f l w ,  Tests of 
Subscale and F u l l  Sca le  
Models to D e t e r d n e  
I n l e t  Witrol Surface  
Environment 
I n l e t  M r f l o v  Tests of 
Subscale and F u l l  Scale  
Models t o  Determine 
I n l e t  Control System 
Sensor Perfom*x;e 
I n l e t  Mr f low Tests of 
Subsea-e and F u l l  Sca le  
Me15 t o  Define and 
Demonstrate Actuator 
Propulsion 
Propulsion 
- Pos i t ion inn  
herdynamic  
Jet Ef fec r s  
Ground E f f e c t s  - Flying  Q.-alities - 
hna ly t i ca l  Tcsk 
-- --
Propu’.sion 
Jet Nozzle Ccncepr. 
Evaluai i on  Tcs t R 
Jet Thrust ,  Base a d  
Boattail Drag Tests of 
Candidate Nozzle Con- 
c e p t s  In t eg ra t ed  in  an 
M r f r m  Shaw 
Inlet Airflow T e s t s  t o  
k a s u r i  Pneumatic 
Acoustic Icpcdenccs 
I n l e t  Flow Si .ulat icm 
Tests of I n l e t s  Without 
Forebodies t o  Develop 
Methods of Dupl ica t ing  
Forebody Flow 
D i s  turbauccr  
Subcooled Cryogenic 
P rope l l an t  Tea t s  t o  
Ik:-erninc C h a r a c t e r i s t i c :  
of Low Orcasurc Bo i lo f f .  
Helium Ref r ige ra t ion  and 
kerodynnnics 
Propulsion 
Propulsion 
Pubsya teu  
- I sen t roDic  Expansion 
FACILITIES 
A l l  Appl icable  Types of Ex i s t ing  
Ground Facil i t ies + GD 20. GD 7 
and S 20 
- 
Exis t ing  Wind Tunnels 2nd High 
Temperature Airfl.ow F a c i l i t i e s  
+ GD 7,  GD 20. E 9 and E 20 
~~ 
Exis t ing  Wind Tunnels, High 
Tellperature Airflow F a c i l i t i e s ,  
and Thermal/Plechanical,’Structura: 
F a c i l i t i e s  + CZ 7 .  GD 20. E 29, 
E 9 and S 20 
Exis t ing  Wind Tunnels, High 
Temperature Airflow F a c i l i t i e s ,  
and Theraal/Mechanical/Structural 
F a c i l i t i r s  + GD 7, GD 20, E 20, 
E 9 an3 S 20 
Existi t .6 Low Speed Ulnd Tunnels 
and F l i g h t  S i u l a t o r s  + GD 20 
and E 20 
None 
--- 
Exisriilg Wind Tunnels a d  Enpine 
Coqonent  Test F a c i l i t i e s  + 
D 7. GD 20. E 20 and E 9 
h i s t i n g  Wind Tunnels and Engine 
Cmponent T e s t  Fac i l i t i e r  + 
CD 7 ,  GD 20, E 20 and E 9 
Ex i s t ing  WinG Tunn-is and High 
Temperature Flow Facil i t ies + 
GD 20, E 20 and E 9 
Ex i s t ing  Wind Tunnels and H I &  
Temperature Flow F a c i l i t i e s  + 
GD 20. E 20 and E 9 
.- 
E x i s t i n g  Cryogenic Fuel Systems 
F a c i l i t i e s  + P 20 
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(U) FIGURE 4-5 
RESEARCH TASK CORREUTIOW WITH TESTING REQUIREMENTS ( C o d i m d )  
68.2 Procedures. Nethodo. Techniques 
I 
69.1 Cryoge+nis Fuel i - t . . : J  LA..._ -*.- ;,. a=ic 
and Thermuiyruuic C h a r a c t e r i s t i c s  
i n  H o r i r m t a l  T a n l t a a ~  
69.2 Coabined %vir-a: E f f z c t s  
69.3 Fluid Systems P e r f o r z c e  
Regenerat~vve Cryogenic Heat 
70.3 Physical ,  Fkchanical.  T ~ c N ~  
P rope r t i e s ,  P h y s i u l / C h e d c a l  
Compatibi l i ty  d F a b r i c a t i a ,  
Techniques 
70.4 Fluid Flow Systems 
Per fo r r rnce  
70.5 Fluid Flow Systems P e r f o r u n c e  
Se rv ice  P rope r t i e s  
Sensor Control Sysrem Performance 
71.1 Performance, R e l i a b i l i t y .  Limits  
71.2 P e r f i r u n c e .  R e l i a b i l i t y .  Limits  
~ ~~ 
71.3 P e r f o r u n c e ,  R e l i a b i l i t y ,  Limits  
'IYPE TESTS 
S u b s y s t e a  
Subcooling P i l o t  Plant  
Tes t s  t o  Octe r r ine  Con- 
t i n w u s  Cooled S t o r q e  
and ?-mpfcp R q u i r a e n t s  
.. ct  5rycl;enic tucis - 
Storage,  "ad l ing  4 
Tr&-y;r l t r ts  of Sub- 
coaled Cryogenic F u - l s  
Sub.-.,-sters 
- k d y t i c a l  Task 
sues  yst cts 
The r u l  /&c&nicaI toad / 
A l t i t u d e  T e s t s  of Sub- 
scale Cryogenic Fucl 
T b u e  
Subsystems 
Fuel Tankage Slosh 
Suppression E f f e c t s  
Ana ly t i ca l  Task 
Subsvstems 
&?at ?kchanger Cryogenic 
Fhi.' Flow Tes t s  at  
C d i t i o n s  of  C r i t i u l  
P re s su re  and Temperrutre 
&at Exchanger Ifaterials 
Tests lhder Condit ions 
af  High Tc rpe ra tu re  
l i r d r o r m  E n v i r o m n t  
k a t  Exchanger Capo- 
nen t s  Tests in a 
Simulated Operat ing 
Env i roaamt  
Subsystems 
S u b s y s t a s  
Subsystems 
I n t e g r a t e d  lieat 
Exchanger Tests i n  a 
Simulated Operat ing 
Enviroument 
Subsys tema 
Fucl corbuscion rrd 
Coolant P e r f o m s  
Test= 
Subsystems 
Fuel Combustion and 
Coolant P t r f o r u n c e  
Tes t s  
Subavstea 
Fuel Cabustion Proper- 
ties and P e r f o r v n c e  
Testa  
FACILITIES 
Existin: Cryogenic Fuel Systems 
Facilities + S 20 
Exis t ing  Cryogenic Fuel Syst- 
Faciltties + S 23  
Ex i s t ing  Colbined Fav:ron=nt 
F a c i l i t i e s  + S 20 
Exis t ing  Cryogenic Fuel Slosh 
F a c l l i t i e s  + S 20 
None 
histing Cryogenic F lu id  Systcrs 
Test F a c i l i t i e s  + 5 20 
Ex i s t ing  Cryogenic F lu id  Flow 
S y s t e s  Test F a c i l i t i e s  u i t h  
Ibe ru l /PkchaaLca l  L o d  
Capab i l i t y  + S 20 
Exis t ing  Cryvgenic F lu id  Flow 
Sys te r .  Test  F a c i l i t i e s  with 
I h c r u l / ? k c t ~ a n i c a l  Load Capa- 
b i l i t y  and High Temperature Mr- 
f l a r  F a c i l i t i e s  + E 20. E 9 
and s 20 
E x i s t i c g  Cryogenic Fluid Flow 
Systems Tes t  F a c i l i t i e s  w i th  
i % e d / ? k c h a n i c a l  Load Capr- 
b i l i t y  a d  High Te.plrature  A i r -  
f low F a c i l i t i e s  + E 20. E 9 
and 5 2 .- 
Exis t ing  Hydrocarbon Fuels T e s t  
and Eagine Tes t  F a c i l i t i e s  
Ex i s t ing  Fndothermic Fuels  Test 
aad Engine Test  F a c i l i t i e s  
Ex i s t ing  Fue l s  Test d Engine 
Test F a c i l i t i e s  
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Subsys t e r s  
Fuel  Systems C a p a r e a t  
Haterials T e s t s  
Fuel Systems Gmponeat 
D c s i m  Concepts T e s t s  
Subscale  Ground rod 
Vehicle  Cryogenic Fuel  . 
System and Tankage 
T e s t s  M e r  S i u l a t e d  
Ground S u P w r t  Conditions 
SubSySteM 
Subsys:ers 
Aualvt ical  Task 
Subsystems 
S u b s c d e  Cryogenic Fuel 
Tanlrage T e s t s  t o  
Ikterminc Limit ing G o -  
H t r i c  rod Opera t iona l  
P a r r a e t e r s  urd S c a l e  
E f f e c t s  
Subsystems 
Subscale  Tankage Cryo- 
gen ic  Fuel S y s t e s  and 
Tankage Desinn Evaluat ion 
A i r c r a f t  Fuel Tankage/ 
I n s u l a t i o n  Concepts Tes t s  
Subscale  Fuselage/ 
TankagelFuel System T e s t s  
in a Combined Thermal, 
Fkchanical  and S t r u c t u r d  
Load S i d a t e d  
Environment 
Subscale  Fuselage/ 
Tankage/Fucl System Tests 
i n  a Combined T h e r u l ,  
k c h a u i c d  8nd S t r u c t u r a l  
Load S i u l a t e d  Enviroa- 
w n t  t o  Evaluate Fuel 
System Control T e s t s  
Subsys t a s  
Subsystems 
Subsys teas 
(U) FIGURE 4-5 
RESEARCH TASK CORRELATION WITH TESTING REQUIREVENTS (Continued) 
E x i s t i n g  Combined Environment 
Test  F a c i l i t i e s  + S 20 
E x i s t i n g  Cryogenic Fuel System 
Test  F a c i l i t i e s  v i t h  Combined 
Eavir-at Capab i l i t y  + S 20 
E x i s t i n g  C r p g e n i c  Fuel System 
Teat F a c i l i t i e s  
None 
E x i s t i n g  Cryogenic Fuel System 
Tes t  F a c i l i t i e s  
E x i s t i n g  Cryogenic Fuel System 
Tes t  F a c i l i t i e s  
E x i s t i n g  Cryogenic Fuel Sys tern 
Tes t  F a c i l i t i e s  
E x i s t i n g  Therlal /Hechanical  and 
S t r u c t u r a l  Load Test F a c i l i t i e s  
+ S 20 
E x i s t i n g  TherPa l / lkchan ica l  a d  
S t r u c t u r a l  Load T e s t  F a c i l i t i e s  
+ S 20 
RT DATL REQUIRED 
72.1 Performance, R e l i a b i l i t y .  L i a i t s  
72.2 ? e r f o r u n c e .  k l i a b l l i t y .  L imi t s  
72.3 Procedures.  Methods, ?echniqucs 
73.1 Se rv ice  P r o p e r t i e s  
Combined Env i ro r rcn t  E f f e c t s  i 
73.2 P e r f o r u n c e ,  R e l i a b i l i t y ,  L imi t s  
73.3 Perfo-ce. R e l i a b i l i t y ,  L h i t s  
74.1 D e f i n i t i o n  of Fuel Loding Rates 
74.2 Sca le  E f f e c t s  
P e f f o m n c e ,  R e l i a b i l i t y .  Limits  
74.3 Performance, R e l i a b i l i t y ,  L i a i t s  
75.1 P e r f o r u n c e ,  R e l i a b i l i t y ,  L imi t s  I 
75.2 Performance. R e l i a b i l i t y ,  L imi t s  
Sca le  E f f e c t s  
Combined Ewrironraent E f f e c t s  
75.3 Procedures,  kkthods,  Techniques 
Fuel System T e s t s  t o  Tes t  F a c i l i t i e s  
Determine E f f e c t s  of 
Fuel P r o p e r t i e s  on 
Serv ice  L i f e  of System 
Fx i sc ing  Fuel /Fluid Systems 
Ex i s t ing  Fue l iF lu id  Systems 
Subsystems 
_ _  I n e r t i n n  - lests 
Fuel S y s t e m h a l u g e  Tesc F a c i l i t i e s  
Subsyst- 
Fuel S y s t e s  Ground Test  F a c i l i t i e s  
Support  Equipment. Fuel 
Haadling and L o g i s t i c s  
REPORT MDC A0013 2 QCTOBER 1970 
VOLL'ME Ip PART 3 
~~~~ ~~ ~ 
Subsystems 
Wind Tunnel Tes t  t o  
Evaluate  Ef fec t iveness  
of  S t a b i l i t y  Augmenta- 
t i o n  Devices 
Ana ly t i ca l  Task 
Subsystems 
Demonstration T e s t s  of 
Sensors  and Air Data 
System i n  Simulated 
F l i g h t  Environocnt 
Control  Su r face  
Actuator  System Per- 
f o r u n c e  T e s t s  Under 
S i u l a t e d  Thermal 
and Air loads 
M U  Concepts, Components 
and Prototype Aux i l i a ry  
Power Units Perioraance 
Tes t s  Under S i u l a t e d  
F l i a h t  Condi t ions 
Subsystems 
S u b s y s t a s  
Ana ly t i ca l  Task 
(U) FIGURE 1-5 
RESEARCH TASK CORRELATION WITH TESTING REQUIREMENTS (Continued) 
Subsystems 
Prototype ECS Concept 
Perforronce T e s t s  Uder 
Simulated Operat ional  
Condi t ions 
Ana ly t i ca l  Tu. 
Subsystems 
, 
Prototype ECS Concept 
P e r f o r u o c e  Tests Under 
S i m l a t e d  Op- i t i o n a l  
CoDditions 
Ana ly t i ca l  Task 
I 
RT DATA REQUIRZP 
77.1 Antenna Requ i rcwnt s  and 
77.2 Antenna Performance 
Conceptual Desixns 
Thermal, Phys ica l  P r o p e r t i e s  
M o i ? t r !  Environnent E f f e c t s  
78.1 S t a b i l i t y  A u w n t a t i o n  
78.2 S t a b i l i t y  
78.3 Performance, R e l i a b i l i t y ,  L i r n i L s  
Requ i remots  
Procedures,  Methods, Techniqi:es 
79.1 
79.2 Perfo.-msnce, R e l i a b i l i t y ,  Limits  
Air Data Pkasureaent Techniques - 
Q u a l i f i c a t i o n  and V e r i f i c a t i o n  
80.1 Actuator  Systems P e r f o r u n c e ,  
80.2 R e l i a b i l i t y  and Limits  
82.1 Procedures,  Methods, Techniques 
82.2 Energy Conversion E f f i c i e n c y  
82.3 M U  Performance 
83.1 Liquid Cryogen ECS 
Operat ional  Requir-ts 
83.2 P e r f o M n c e .  R e l i a b i l i t y ,  Limits 
84.1 Candidate ECS Concepts f o r  U14.6 
84.2 P e r f o r u n c e ,  R e l i a b i l i t y ,  Limits  
W d r o u r b o n  Fueled Vehicles  
85.1 Evaluation of  Candidate MU/ASU 
85.2 I n t e g r a t i m  Methods 
85.3 Procedures,  Methods, Techniques 
SYStCI. 
TYPE TESTS 
Analy t i ca l  Task 
SubsvstePs 
Combined E n v i r o m t  
T e s t s  of Antenua S y s t a s  
t o  Evaluate  Performance 
at  S i m l a t e d  F l i g h t  
C a d i t i o n s  -. 
b a l y t i c a l  Task 
~~~ 
FACILITIES 
None 
E x i s t i n g  Antema F a c i l i t i e s .  
Corbined Thermal, lkchauical, 
S t r u c t u a l  Load and High 
Te rpe ra tu re  A l r f l o v  F a c i l i t i e s  
+ E  zc). E a and s 20 
None 
Existing Hypersonic Wind Tunnels 
+ GD 20, GD 7. E 20 and E 9 
None 
E x i s t i n g  W i n d  Tunnels,  High 
Te lpe ra tu re  Airf low F a c i l i t i e s  
and Corbiacd Environment T e s t  
F a c i l i t i e s  + (;D 20, GD 7. E 20, 
E 9 a n d S 2 0  
E x i s t i n g  Wind Tunnels. High 
Temperature A i r f l o v  F a c i l i t i e s  
and Corbined Env i romen t  T e s t  
F a c i l i t i e s  + GD 20, Q 7. E 20, 
E 9 a a d S 2 0  
E x i s t i n g  W i d  Tunnels,  High 
Telperataire A i r  f lov F a c i l i t i e s  
and Combined Enviromwnt T e s t  
F a c i l i t i e s  + GD 20. GD 7. E 20. 
E 9 a n d S 2 0  
None 
E x i s t i n g  Codinad Therul. 
Ilcchauical Load Tes t  F a c i l i t i e s  
+ s 20 
E x i s t i n g  C o o b i n d  The-1. 
Hechmica l  Load T e s t  F a c i l i t i e s  
+ s  m 
None 
E x i s t i n g  Wind Tunnels,  High 
Temperature M r f l o v  .Id Combined 
E n v i r o m a t  F a c i l i t i e s  + GD 20, 
(;D 7 ,  Z 20, E 9 d S 20 
REPORT MDC A0013 0 2 OCr3BER 1970 
VOLUME Ip PAR1 3 
TYPE TESTS 
Analy t i ca l  Task 
(U) FIGURE 4-5 
RESEARCH TASK CORRELATION I ITH TESTING REQUIREUENTS (Contirmed) 
FACILITIES 
None 
Differences BetvEes Current 
and P o t e n t i a l  Hypersonic A i r c r a f t  
i.lequ..cy of E x i s t i n g  Nr Bases; 
F8cilicie:-  t o  k c d t e  
operation81 R e q u i r a n t s  of 
P o t e n t i a l  Hypersonic A i r c r a f t  
caD8hiiity 
P o t e n t i a l  Operat ional  Vehiclqs- 
87.2 
87.3 m a s t r a t i o n  of Ground System 
89.1 ~ v i g a : i o n ~ l  R e q u i r a n t s  of 
Y . 2  P e r f o r r P c e .  R e l i a b i l i t y .  L i u t s  
89.3 Perforrance,  I r l i a b i l i t y .  L i m i t s  I 
93.1 P e r f o m e .  k l i a b i l i t y ,  L i m i t s  
93.2 Procedures,  I(ctbods. Techniques 
S t a b i l i t y  and Control  
Perforrmcz, Reliability, L i r f t s  
94.1 
94.2 C r i t e r i a .  P r o e e h r e s .  Methods. 
94.3 Precedures.  Methods. Techniques 
Abort and Crew Escape System 
Techniques 
Q u a l i f i c a t i o n  and V e r i f i c a t i o n  
P e r f o r u n c e .  Reliability, L i r f t s  
Q u a l i f i c a t i o n  and V e r i f i c a t i o n  
96.2 Sensor System Performance 
97.1 Sensor System Performance I 
97.2 Senac- S w r ~  
P e r f o r u n c e ,  R e l i a b i l i t y ,  L i m i t s  
Combined E n v i r o l v n c  E f f e c t s  I 
. -  
b a l y t i c d  Task 
Operat im 
Fl igh t  Test  
b a l f i c c d  Task 
~ ~~ 
@perations 
N 8 v i g a z 1 4  Systems 
&8lU8tion T e s t s  - 
Operat ions 
R a w i s a t i d  znd 
Systelrs Ev l lua t  ion 
I n f O N t i -  D i s p h y  
h l f i c a l  Task 
Operat iops 
Ev8lurtiorr of D p m i c  
E n v i r o n n t  E f f e c t s  
on Ride Qurlity a d  
S t r u c t u r a l  Transmission 
of Abrupt Forces and 
lbt ions 
Analytical Task 
operations 
EV8lU8tfa  Of AbolX/ 
Escape Systems 
EUvimInEnt 8nd 
System Qrv t i f  i c a t i o n  
T e s t s  
F l i g h t  System 
Eva l ru t ion  Tests 
ope ratio^ 
operations 
Sensing System Effec- 
tlVemL.8 Testa b i e r  
Condit ioiu 
Fuel Leak t k t e c t i o n  
System Evaluat ion Tea t s  
S i r r h t L d  n i g h t  
ijperat ions 
Operatiow 
-1 Leak S u i n g  
S y a t m  Effectiveness 
in a S i u l a t c d  T h e r u l l  
kcbanical  Load 
Eaviroment 
F l i g h t  Only 
- 
E x i s t i n g  Ground Systems 
sone 
E x i s t i n 8  Wind Tunnels. and 
k ? C b i C d  / S t  N C t  U d  Test 
F a c i l i t i e s  + (D 20. GD -, E 20. 
E 7 a n d S 2 0  
None 
Existing W i r d  Tunnels. High 
Temperature Flow F a c i l i t i e s  am 
Combined E n v i r o n r n t  S t r u c t u r a l  
F a c i l i t i e s  + GD 2Q. GD 7. E 20, 
E 7 and S 20 
E x i s t i n g  U i d  Tunnels, High 
T e q c r a t u r e  Flow F a c i l i t i e s  and 
Combined E n v i r o n r n t  S t r u c t u r a l  
F a c i l i t i e s  + CD 20. CD 7. E 20. 
E 7 d S 2 0  
E x i s t i n g  Uind Tunnels,  H i g h  
T e q e r a t u r e  Elow F a c i l i t i e s  and 
Coabined G i v i r o a r n t  S t r u c t u r a l  
F a c i l i t i e s  + GD 20. GD 7, E m. 
E 7 and S 20 
E x i s t i n g  Fucl /Fluid Systems 
F a c i l i t i e s  
E x i s t i n g  Co8bioed E n v i r o r u n t  
F a d l F l u i d  S- -tems T e s t  
F a c i l i t i e s  + . M 
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100.1 Pcrf0-e. Pclirbility.  L i l i t s  
100.2 Rocedures. Pkthms. Techniques 
1C2.1 Inspcctioa .ld Remir Metbods 
(U) FIGURE 4-5 
RESEARCH TASK CORRELATION WTH TESTING REQUlREVENlS (Continusd) 
Oper8tions Existing Fuel/Fluid Systems T e s t  
Cryogenfc Fucl Loding/  
plloinc T e s t s  
Facilities and GK& Systems 
M y t i c a l  Task llme 
I TIPE TESTS I FACILITIES I I RT MTA REQUIPm 
Existing Lou speed wind Tuaacls 
8Dd Flight S i d 8 t O K S  
102.2 qualification atd Verification 
(page 4-42 is Blank) 
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5. DESCRIPTIOH OF RESF.F,;tCH REQUIREXENTS AND FACILITY CAPABILITY ANALYSES 
The research y o t e p t i a l  of new ground and f l i g h t  f a c i l i t i e s  t o  contr ibute  t o  
the confidence pceded t o  i n i t i a t e  development of operational hypers,dc systems is  
q u m t i f i e d  i n  terns of F a c i l i t y  Research Value. This dimensionless value provides 
a means f o r  compsricg various cnndid-ate new f a c i l i t i e s  with one another, with ex i s t -  
ing f a c i l i t i e s ,  and with t h e  t o t a l  value of research defined as necessary f o r  
achievement of t h e  -equir-.d confidence level t o  proceed t o  operational system devel- 
o y e n t  . 
Two primary f w c o r s  are r e f l ec t ed  i n  t h e  F a c i l i t y  Research Value f o r  each 
r 'liqht research vehicle  and ground test f a c i l i t y :  
(1) The inportance of t h e  Research Tasks which t h e  f a c i l i t y  performs, and 
( 2 )  The extent t o  which t h e  f a c i l i t y  can perform t h e  Research Tasks with which 
it is  associated. 
The in t en t  of t h i s  sect ion is t o  describe i n  d e t a t l  how F a c i l i t y  Research Values 
a r e  determined. Although t h e  basic  methodolo= has been explained i n  Volurres I1 
and 111, some refinements have been implesented during Phase 111. 
Values have been developed or, both a focused and a c h a r a c t e r i s t i c  bas i s .  
result, t h e  value of a f a c i l i t y  can be expressed i n  terms of i t s  a b i l i t y  t o  perform 
spec i f i c  research f o r  which it is designed, ?.s w e l l  as i n  terns of i t s  v e r s a t i l i t y .  
I n  addition, t h e  Researeh Tasks have been ref ined somewhat during Phase 111, and 
t h e  capabi l i ty  of each f a c i l i t y  has been quant i f ied relative t o  each t a s k  considered 
individually,  r a t h e r  than with respect t o  t h e  t a s k s  f o r  a given Research Objective 
taken col lect ively.  
F a c i l i t y  Research 
A s  a 
Figure 5-1 i l l u s t r a t e s  i n  flow-diagram format t h e  r e l a t ionsh ip  between f a c t o r s  
influencing t h e  F a c i l i t y  Research Value f o r  a p a r t i c u l a r  f a c i l i t y  i n  r e l a t i o n  t o  a 
given operational system. 
ments discussed i n  t h e  remainder of Sectior, 5. This f i g u r e  is an amplification of 
t he  diagran presented i n  Section 2. 
The heavily out l ined blocks represent t h e  primary ele- 
The process f o r  determining F a c i l i t y  Research Values described i n  t h i s  sect ion 
i s  presented i n  r e l a t i o n  t o  Operational System C1 ( a  Mach 6,  turboramjet-powered, 
hypersonic t r anspor t ) .  This oper-;cional system w a s  chosen f o r  i l l u s t r a t i o n  p r i -  
marily becaLse of i t s  intermediate pos i t i on  within t h e  operat ional  system spectrum 
with regard t o  maximixu s?eed a t t a i n a b l e  and complexity of propulsion system devel- 
opment. 
way intended, however, t o  imply t h a t  a higher degree of consideration has been 
given t o  t h i s  systen than t o  t h e  other  t h r e e  involved (Operational Systems L2, M 1 ,  
and 142) thrcughout t h e  analysis .  
systems can be found i n  t h e  Appendix. 
This s e l ec t ion  of Operational System C 1  for i l l u s t r a t i v e  purposes i s  i n  no 
A complete set  of  data  f o r  t hese  t h r e e  operat ional  
5.1 RESEARCH TASK INTRINSIC VALUES FOR OPERATIONAL SYSTEM ci.  ~ - - -
The f i rs t  f ac to r  r e f l ec t ed  i n  t h e  F a c i l i t y  Research Values, t h e  i q o - t a n c e  of  
t he  Research Tasks, i s  measured i n  terns of Research Task i n t r i n s i c  value. For 
perspective,  these ? -n t r ins ic  values are meaningful only when considered i n  r e l a t i o n  
t o  t h e  values of other  t a sks .  They then r e f l e c t  t h e  relative importsnce of t h e  
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t a sks  i n  contr ibut ing t o  t h e  technological confidence l e v e l  required t o  i n i t i a t e  
t h e  development of one o r  more po ten t i a l  operat ional  systeins. 
The methodolow f o r  computing i n t r i n s i c  values f o r  t h e  Research Objectives and 
Tasks is described i n  d e t a i l  i n  Volumes I1 and 111. A descr ip t ion  of t h e  I;rocess 
i s  repeated here i n  an abbreviated form f o r  t h e  sake of i l l u s t r a t i o n .  
Four primary f ac to r s  are involved i n  t h e  ca lcu la t ion  of t h e  Research Objective 
i n t r i n s i c  values: 
A )  Paired-comparison da ta  from 66 industry,  NASA, and A i r  Force evaluators  
who compared each Research Objective, one against  t h e  o the r ,  within t h e i r  areas  of 
spec ia l ty  : 
B) Relative weighting f ac to r s  determined f o r  t h e  two evaluation c r i t e r i a  
(Technology Advancement and Cost/Schedule) used t o  rank t h e  object ives .  
C )  The Law of Comparative Judgement, which assumes t h a t  t h e  normal d is t r ibu-  
t i o n  best  descr ibes  t h e  differences of opinion among a l a rge  number of evaluators  
concerning which of  two items i n  a pa i r ing  is t h e  more important; and 
D) Relat ive weighting f ac to r s  fo r  t h e  s ix  technological  areas  by which t h e  
object ives  a r e  categorized. 
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A n  i l l u s t r a t i o n  of how these f ac to r s  are combined t o  y i e l d  Research Objecti-$e 
i r i t r i n s i c  values f o r  two representat ive object ives ,  No. 57 and No. 77, i s  presented 
i n  Figure 5-2. I n  addi t ion,  t h i s  f i gu re  i l l u s t r e t e s  how these  object ive i n t r i n s i c  
vzhies are used t o  determine t h e  i n t r i n s i c  values of t a sks  associated w i t h  each 
objective.  A t  t h e  top  of t h e  f igu re ,  t h e  results of t h e  paired comparison analysis  
a r e  summarized f o r  Objective 57. The number of evaluators choosing Objective 57 i s  
l i s t e d  versus each of t h e  other objectives i n  t h e  Prcqulsion area. Results are 
shown fo r  both evaluation c r i t e r i a ,  and t h e  average values appear i n  t h e  f i n a l  
c9lumn. 
The t ab le s  i n  t n e  center of Figure 5-2 depict  how t h e  four f ac to r s  l i s t e d  
above ( A  through D) influence t h e  object ive i n t r i n s i c  values. Results a r e  presented 
f o r  both Objective 57 and Objective 77 f o r  comparative purposes. The f i r s t  values 
shown i n  t h e  der ivat ion.  designated Value A, are t h e  everage favorable votes f o r  t h e  
objective i n  t h e  paired-coinparison analysis .  
s i x  technological areas were assigned relative weightings by t h e  evaluators;  t h e  
composite weightings which r e s u l t  are indicated i n  t h e  f igu re  f o r  t h e  Propulsion and 
Subsystems areas and f o r  t h e  two evGluation c r i t e r i a .  The weighted average f o r  t n e  
two c r i+ , e r i a  (Value B) is  based on t h e  corresponding weightings f o r  t hese  c r i t e r i a  
( .607 and .393). The r e l a t ionsh ip  between t h i s  weighted-average value and t h e  
Comparative Judgment Value (Value C )  i s  i l l u s t r a t e d  i n  t h e  graph at t h e  lower l e f t  
of t h e  f igure.  The e f f e c t  of t h e  normal d i s t r i b u t i o n  i s  t o  concentrate values more 
toward t h e  center of t h e  sca l e ,  except f o r  values near zero and 100, i n  which case 
l i t t l e  e f f ec t  i s  produced. 
expressed as t h e  product of Value C and t h e  technological area weighting f ac to r .  
I n  t h i s  example, s ince  ;he weighting f a c t o r  f o r  Propulsion is above 1.30, Value D 
i s  increased over Value C f o r  Objective 57, while a decrease results f o r  Objective 
77, because Subsystems has a weighting f a c t o r  below 1.00. The r e su l t i ng  i n t r i n s i c  
values of 73.6 and 29.0 f o r  Objectives 57 and 77, respect ively.  are those used i n  
t h e  subsequent analysis  f o r  t hese  objectives.  
The two evaluation c r i t e r i a  and t h e  
F ina l ly ,  t h e  object ive i n t r i n s i c  value (Value D) i s  
The chart  i n  t h e  lower r i g h t  port ion of Figure 5-2 shows how t a s k  i n t r i n s i c  
values are determined f o r  Research Tasks 57-4 and 77-2. 
i nd ica t e  t h a t ,  while both t a sks  are highly important t o  t h e  fu l f i l lmen t  of t h e i r  
respect ive object ives ,  Task 77-2 i s  t h e  more important i n  t h i s  respect .  
i n t r i n s i c  value is  found i n  each case by multiplying t h e  object ive i n t r i n s i c  value 
by t h e  t a s k  importance value. 
and 77-2, respect ively,  are those shown i n  t h e  subsequent figures of t h i s  sect ion 
f o r  t hese  t a sks .  
The t a s k  importance values 
The task  
The r e su l t i ng  values of 62.6 and 29.0 f o r  Tasks 57-4 
I n t r i n s i c  values f o r  a l l  of t h e  Research Objectives and Tasks  applicable t o  
Operational System C 1  are presented i n  Figure 5-3. 
sents one Research Objective, rrith t h e  object ive 's  code number indi-ated i n  t h e  
f irst  column. The second column contains t h e  i n t r i n s i c  value determined f o r  each 
object ive during Phases I and 11. 
Research Objectives i d e n t i f i e d  i n  Phase I were deleted and incoworated as Research 
Tasks under other obJectives ea r ly  i n  Phase 11, reducing t h e  f i n a l  number of 
objectives t o  78. 
considered, while others apply t o  as few as one operational system. 
of Figure 5-3 represent those objectives from t h e  t o t a l  of 78 which have appl icat ion 
t o  Operational System C1.  
Each 1ic.e of t h e  f igu re  repre- 
As mentioned previously,  24 of t h e  o r i g i n a l  102 
Many of these  78 object ives  apply t o  a l l  operational systems 
The 66 l i n e s  
The importance of t hese  66 object ives ,  i n  terms of t h e i r  
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Tech. 
Adv. 
(.607) 
FIGURE 5-2 
DERIVATION OF INTRINSIC VALUES - ILLUSTRATIVE EXAMPLE 
OPERATIONAL SYSTEM C1 
Pained Comparison Results 
R.O. 57: WELOPENT AWD DEllOWSTRATHm OF TURBORAllllET SYSTEMS 
Total  Nnuber R* Zvaluators  fo-' Propuls ion Object ives  = 32 
Cost h 
Schedule 
(.393i 
Resear-h Objecti-res t o  Which 
Choosing R.O. Cost h Sch 
Task Importance Value 
Task J n t r i n s i c  Value 
Objective Intrinsic Value Derivaion 
0.85 1.00 
62.6 29.0 
R.O. 5 7  DETELOPlEWT AND DElolffTRATMM OF 
TURBORAUETSmE6 
Technological Area: Propulsion 
U e i g h t i r i  Factor  f o r  Propulsion = 1.25 
No. of Propuls ion Evaluators  = ;iZ- 
Tech. Cost & 
Adv. Schedule 
D. Object ive I n t r i n s i c  Value 
( Inc luding  E f f e c t  of Tech. 73.6 
Area Weighting) 
N o m 1  Distribution (Cumulative) 
h.h6 5.00 
-21 35 - -27 .-B? -- 
B. Wtd. AVR. For 2 C r i t e r i a  26.0% 
C. Comparative J u d w e n t  Value 
D. Object ive I n t r i n s i c  Value 
( Inc luding  Effec t  o f  Tech. 
Area Weighting) 
Task Intrinsic Value Derivaticm 
Task No. 57-L 77-2 
Object ive I n t r i n s i c  Value 73.6 29.0 
Y 
Comparative Judcpnt Value 
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FIGURE 5-3 RESEARCH TASK INTRINSIC VALUES 
Operational System C1 
OBJECTIVF  
I NTR INS IC 
VALUE 
55.9 
56.0 
70.6 
h4.0 
56.0 
53.8 
56.4 
w.7 
59.0 
3?.9 
39.6 
55.5 
50.5 
56.1 
53.5 
56.9 
54.9 
43.0 
54.6 
40.7 
73.5 
58.4 
61.6 
70.9 
36.5 
61.5 
37.4 
41.3 
59.0 
51.4 
62.5 
72.6 
64.8 
64.0 
53.4 
69.4 
61.8 
30.5 
V . 6  
68.0 
70.2 
57.9 
44.1 
68.9 
37.4 
46.4 
33.7 
37.0 
42.4 
32.0 
46.4 
29.0 
19.9 
m. 3 
41 .* 
33.1 
39.1 
37.9 
42.7 
29.3 
39.4 
35.1 
36.4 
37.5 
57.11 
40.11 
TASK- 1 
5 s . 9  
56.0 
60.0 
55.2 
56.0 
45.7 
47.9 
-1.6 
50.1 
32.0 
23.8 
47.2 
42.9 
47.7 
'13.5 
50.8 
46.7 
3b.5 
32. a 
40.2 
62.5 
49. I 
33.6 
61.6 
Y I A  
36.5 
36.9 
31.8 
24.8 
59.0 
41.7 
02.5 
61.7 
55.1 
3e.4 
45.4 
59.0 
52.5 
25.9 
44.2 
40. 0 
311.5 
42.1 
34.7 
41.3 
74.5 
22.4 
21.8 
28.6 
22.2 
75.4 
19.2 
27.8 
24.6 
23.9 
25.8 
35.2 
21). 0 
23.5 
22.7 
25.6 
29.3 
23.6 
21.1 
21.8 
31.9 
TASK IYTRXNSrC VALUFS 
2 
47.5 
47. b 
70.6 
38.9 
47.6 
45.1 
47.9 
51.6 
3s.4 
22.0 
39. 4 
47.2 
42.e 
47.7 
45.5 
43.2 
32.3 
43.0 
46.4 
24.1 
62.5 
34.7 
58.4 
52.4 
42.5 
31.0 
52.3 
37.4 
41.3 
50.1 
43.7 
72.6 
64.6 
54.4 
45.4 
50.0 
52.5 
25.9 
44.2 
40.8 
42.1 
49.2 
54.5 
41.3 
34.7 
31.8 
27.8 
2R.6 
31.4 
36.0 
19.2 
39. 4 
79.0 
'33.9 
30.3 
41.4 
39.1 
22.7 
2'1.6 
24.9 
33.5 
35.1 
M. 4 
37.5 
211.3 
3 
33.5 
33.6 
21.2 
38.9 
47.6 
53.3 
33.8 
36.4 
17.7 
37.7 
23.8 
55.5 
45.5 
43.2 
54.9 
36.5 
54.6 
34.2 
44.1 
57.8 
49.6 
3 1.0 
60.3 
61.5 
31.8 
35.4 
63.6 
M. 0 
41.6 
52.5 
Y I A  
64.2 
57.8 
42.1 
57.9 
64.1 
5q. 6 
34.7 
31.8 
39.4 
31.7 
37.0 
42.4 
32.0 
46.4 
39.9 
33.3 
3r. 9 
36.3 
39.4 
4 
16.8 
16.8 
42.4 
51.6 
32.1 
25.8 
73.5 
M I A  
43.6 
69.4 
61.8 
62.6 
59.7 
39.4 
5 b 
69.4 
62.6 73.6 
59.1 70.2 
46.4 
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i n t r i n s i c  values,  ranges from t h e  73.6 of Objective 57 (Development and Demonstra- 
t i o n  of Turboramjet Systems) dok.,. t o  t h e  29.0 of Objective 77 (Flush o r  Rccessed 
Antenna Design Techniques). 
of these 66 objectives i s  50.7'. 
For purposes of reference,  t he  average i n t r i n s i c  valur: 
The remaining columns of Figure 5-3 present t h e  i n t r i n s i c  values of a l l  t h e  
Research Tasks applying t o  Operational System C1. It should be noted t h a t ,  s ince 
the  l i s t  of t a s k s  w a s  ref ined and condeiised ea r ly  i n  Phase 111, t h e  number of ta: :s 
per objective and t h e  t a s k  i n t r i n s i c  values shown i n  Figure 5-3 are s l i g h t l y  d i f f e r -  
ect from those presented previ.ously i n  Volume 111. The t a s k s  iden t i f i ed  as elements 
of t h e  66 objectives relating t o  Operational System C1 t o t a l  198, with t h e  number 
of t a sks  per object ive varying fron me  t o  s i x .  
from 0 t o  100 percent are assigned t o  t h e  Research Tasks, indicat ing t h e  r e l t t i v e  
importance of t h e  +:sks i n  contributing t o  t h e  fulfi l lmerit  of t h e i r  Research 
Objectives, 
importance value of t h e  t a sk  by t h e  i n t r i n s i c  value of t h e  object ive under which 
t h e  t a sk  is  l i s t e d .  The t a s k  i n t r i n s i c  values are thereby cmst ra ined  t o  f a l l  
within t h e  i n t e r v a l  between t h e  i n t r i n s i c  value of t h e i r  p a r t i c u l a r  Research 
Objectives and zero. The i n t r i n s i c  value of an object ive,  then,  serves as t h e  
upper l i m i t  on t h e  i n t r i n s i c  values of t h e  t a sks  associated with it. I n  t h i s  w a v .  
t h e  i n t r i n s i c  value r e l a t ionsh ip  among t h e  various objectives i s  carr ied over t o  
t h e  t a sks  defined as subelements of these objectives.  
Task importance values ranqinq 
The i n t r i n s i c  value for  each t a sk  is  then computed 3y multiplying t h e  
The t a sk  i n t r i n s i c  values fo r  Operational System C 1  range from 73.6 down t o  
16.8 and average 41.P. 
inf luerce on research nct.mt.ia1 results, while those t a sks  r a t ed  less than t h i s  
value have below-average influence an such r e s u l t s .  Furthermore, t he  difference i n  
t h e  degree of influence of two t a sks  is d i r e c t l y  proportional t o  t h e  r a t i o  of t h e i r  
i n t r i n s i c  values. 
t h e  e f f ec t  on research no+,ential r e s u l t s  then a t a s k  with an i n t r i n s i c  value of 30.0. 
A l l  t a sks  with i n t r i n s i c  values over 41.9 have above-average 
For instance,  a t a s k  with an i n t r i n s i c  value of 60.0 has twice 
Each new conceptual research f a c i l i t y ,  ground and f l i g h t .  was examined t o  
determine t h e  extent of i t s  capabi l i ty  t o  acCmDliSh t h e  research associated with 
each of thc t a sks  and objectives l i s t e d  i n  Section 3. 
i s  a judgment of t h e  percentage of t h e  research which could be cmyle ted  i n  each 
f a c i l i t y  p r io r  t o  commitment of resources f o r  operat ional  system development. 
t h i s  sense, t h e  values r e f l e c t  t h e  pariimetric breadth of t h e  f a c i l i t v  ocerating 
envelope, in terms of Mach Number, Reynolds Number, t es t  sect ion s i z e ,  and c i a s s  of 
research accomplished. 
a r r i v e  a t  a consistent set of values,  t o  eliminate p a t e n t i a l  parochial  b i a s  by 
e i t h e r  technological o r  f a c i l i t y  proponents, and t o  n u l l i f y  t h e  advocacy cf a par- 
t i c u l a r  operational concept. A l l  capabi l i ty  assessments were made i n  terms of 
r e l a t i v e  fulf i l lment  of t h e  research as it appl ies  t o  t h e  spec i f i c  operational 
systen;. 
of t h e  matching of f a c i l i t y  parametric range with onerat ional  vehicle  enveloFe as 
i l l u s t r a t e d  by t h e  altitudc-Xach Number va r i a t ions  i n  Sections 5 and 7 .  
The r e s d t ,  ir  eeneral  terms, 
In  
Specific evaluation c r i t e r i a  were establ ished i n  order t o  
The r e s u l t s  of t h e  f a c i l i t y  capabi l i ty  assessment represent an evaluation 
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F a c i l i t y  Capebility r e s u l t s  a r e  presented i n  Figure 5-4 f o r  t h e  f i v e  g r o h d  
f a c i l i t i e s  and t h e  two basic f l i g h t  vehicles included i n  Fhase TII. Also shown i s  
the  capabi l i ty  of cmibined ex i s t ing  ?round f a c i l i t i e s .  Values a r e  included fo r  each 
of t he  198 Research T a s K F  k-hich aDFly t o  Oaerationsl System C 1 .  
t h a t  the pa r t i cu la r  f a c i l i t y  has no appl icat ion t o  t h e  corresnonding t a s k .  
assessment WRS made f o r  those t a sks  which are s t r i c t l y  analyt ic  i n  nature.  
Dashes indiczte  
No 
Analysis of t h e  f a c i l i t y  c a p a b i l i t i e s  a t  t h e  Research TGsk l e v e l  w a s  based on 
the  following c r i t e r i a :  
( a )  Physical Znvironmental Simulation 
To what extent are key parame+ers (e .g .  noise ,  prcssure,  temperature, 
Mach no. , loads , e t c .  ) simulated, eithe- 
i n  a s t a t i c  o r  time-variant manner? 
mat is t h e  capab i l i t y  of t h e  f a c i l i t y  t o  accommodate a wide range of 
t es t  conditions contributing t o  a broad researci base,  i n  terms of 
multi-point research, wide parametric va r i a t ion  capab i l i t y ,  and research 
t i m e  avai lable  f o r  s a t i s fy ing  t h e  object ive as it rels.'es t o  a -e?;on- 
able  research program? 
ndividually or i n  combination, 
( b )  Configuration Arrangement and Size Simili tude 
What i s  t h e  capab i l i t y  of t h e  f a c i l i t y  t o  accommodate a model o r  
experimental specimen, i n  terms of t h e  l i m i t s  of scal ing f a c t o r s ,  
experimental sect ion , ane model s i z e ?  
To what extent can minown in t e r sc t i cns  be uncovered? 
( c )  ve r i f i ca t ion  and Demonstration Capablli- 
To what extent can operational f1igi-L ..aqwarc b? tes ted? 
To vhat extent can operat ional  f l i g h t  p r o f i l e s  -ad \ en ic l e  u t i l i z a t i o n  
be simulated? 
To what extent can t h e  ac tua l  operational f l i g h t  environment character- 
i s t i c s  be proven? 
The r e l a t i v e  weightings f o r  these th ree  c r i t e r i a  are as follows f o r  an o-.rersll 
f a c i l i t y  assessment : 
Flight  
Research Ground 
Vehicles F a c i l i t i e s  - 
Physical Environmental Simulation 25% 33% 
O Configuration i i r~  ar.gerient and Size Simili tude 25% 33% 
Verif icat ion and Demoiistration Capability 50% 33% 
Although t h i s  may apgear t o  ;-epresent a double standard f m r  cvaluhtion, i n  r e a l i t y  
it allows c -aluation of f a c i l i t y  p o t e n t i a l  capab i l i t y  against  research hhich t h e  
f a c i l i t y  can be expected t o  accomplish. 4s a result ,  ground f a c i l i t i e s  a r e  ne i the r  
charged with t h e  requirement t o  provide f l i g h t  v e r i f i c a t i o n  nor penalized For t h e i r  
f a i l u r ?  t o  do so. On a uniform base,  t h e  above c r i t e r i a  expand t o  t h e  following 
V. t 
.- 
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FIGURE 5-4 
FACILITY CAPABILITIES FOR OPERATIONAL SYSTEM C1 
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FIGURE 5-4 
FACiLlTY CAPABILITIES FOR OPERATIONAL S t  STEY C1 (CONTINUED) 
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FIGURE 5-1 
FACILITY CAPABILITIES FOR OPERATIONAL SYSTEY C1 (CONTINUED) 
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weightings vhich allow a d i r e c t  comparison of ground and f l i g h t  c a p a b i l i t i e s  a t  t h e  
t a sk  l eve l :  
F l igh t  Ground 
Research Research 
O Physical Environmental Simulation 25% 25% 
Configuration Arrangement and S ize  Similitude 25% 25% 
Ver i t i . . a t ion  and Demonstration Capability 
Ground Research 25% 25s 
0 
Fl ight  Research 25% 05 
hlcn a ground f a c i X t y  is  i so l a t ed  and i ts  indiv idua l  capab i l i t y  t o  perform 
t h e  described research is assessed, a measure of i t s  performance is t h a t  percent of 
t h e  appl icable  research a t t a ined  i n  t h e  f a c l l i t y  campared t o  t h e  capab i l i t y  of an 
i d e a l  ground f a c i l i t y .  A t  t h i s  po in t ,  t h e  sum of 75% general ly  becomes t h e  maximum 
a t t a inab le  by an i d e a l  ground f a c i l i t y ,  as a point of reference,  with equal weight- 
ing  then given t o  t h e  environmental, s i z e  s imi l i tude ,  and demonstration c r i t e r i a .  
When mult ipl ied by t h e  t a sk  i n t r i n s i c  values, t hese  percentages y i e l d  t h e  ideal 
ground-facility values noted i n  t h e  remainder o f t h i s  sec t ion .  These values do 
not degrade f a c i l i t y  capab i l i t y  but ,  on t h e  contrary,  provide ins ight  i n t o  t h a t  
portion of each t a s k  vhich can be r e a l i s t i c a l l y  a t t a ined  i n  ground f a c i l i t i e s .  
t h i s  way, t he  values for t h e  var ious proposed ground f a c i l i t i e s  can be considered 
i n  r e i s t i o n  t o  t h e  types of research vhich these  f a c i l i t i e s  are intended t o  perform, 
and penal t ies  are  not incurred by ground facilities for failing t o  provide f l i g h t -  
t e s t  ve r i f i ca t ion  and democstration. 
I n  
5.3 FACILITY RESEARCH VALUE ---- 
Research Task i n t r i n s i c  values and t h e  f a c i l i t y  c a p a b i l i t i e s  described prev- 
iously i n  t h i s  sec t ion  are combined t o  y i e l d  F a c i l i t y  Research Values f o r  t h e  
conceptual f l i g h t  research vehicles  and ground f a c i l i t i e s .  The research p o t e n t i a l  
f o r  each faci l i t ; ,  i n  r e l a t i o n  t o  each t a sk  f o r  which it has capabi l i ty ,  is  found 
by multiplying t h e  i n t r i n s i c  value of t h e  t a sk  by t h e  capab i l i t y  of t h e  f a c i l i t y  t o  
perform t h e  task.  
t h e  F a c i l i t y  Research Value f o r  t h e  p a r t i c u l a r  f a c i l i t y .  
The sum of these  products over a l l  appl icable  tasks  i s  designated 
An i l l u s t r a t i v e  example of t h e  maruer i n  which F a c i l i t y  Research Values a r e  
derived i s  presented i n  Figure 5-5. 
fo r  GD20 as applied t o  Operational System C1. 
l is ted a r e  judged t o  be those which GD20 would be s p e c i f i c a l l y  designed t o  accomplish. 
The t a sk  i n t r i n s i c  values contained i n  t h e  second column correspond t o  those pres- 
ented i n  Figure 5-3 f o r  these  tasks .  
t i a l  of t h e  spectrum of ex i s t ing  f a c i l i t i e s  which are of t h e  same general c l a s s  as 
GD20. 
These da ta  correspond t o  t h e  focused research 
Accordingly, t h e  nlneteen tcsks 
The t h i r d  column presents  t h e  research w t e n -  
These values are obtained by multiplying t h e  t a s k  i n t r i n s i c  values by t h e  
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Task 
No. 
3-3 
4-1 
4-2 
4- 3 
9-b 
- 
12-1 
12-2 
12-3 
14-1 
14-2 
16-1 
16-2 
17-1 
17-2 
20 -1 
24-1 
24-2 
27-3 
48-1 
FIGURE 5-5 
Facility GO20 
Opentiml S y s h  C1 
COYPUTATION OF FOCUSED FACILITY RESEARCH VALUE - ILLUSTRATWE EXAMPLE 
Task 
In t r in s i c  
Value 
21.2 
55-2 
38.9 
38-9 
51.6 
50.1 
35.4 
17 -7 
32.0 
22.6 
57.2 
47.2 
42.9 
42.9 
53.5 
46.7 
32 -9 
34.2 
59.0 
Tot a1 
Value of Existing 
F a c i l i t i e s  Related 
To GD20 
9.5 
17.1 
12.1 
12.1 
11.4 
13.0 
9.2 
4.6 
9.6 
5.4 
9.4 
9.4 
13.4 
14.0 
9.9 
14.4 
24.8 
225.7 
13.2 
13.2 
Ideal  
Ground Fac i l i t y  
Value 
13.6 
35.3 
24 -9 
24 .O 
26.8 
28.1 
19.8 
11.3 
17.9 
12.7 
26.4 
30.2 
2L .o 
28.8 
38 .O 
33.1 
23.b 
20.5 
39.5 
479.2 
Value of CD2n 
+ Related Exist- 
inR Fac i l i t i e s  
13.5 
37.7 
16.7 
16.7 
3’1. 
25.1 
17.7 
8.8 
17.0 
1n.n 
l Q  .L 
18.4 
21.0 
31.0 
24.1 
21.0 
14.R 
19.1 
35.4 
I 366.2 = CD30 Fac i l i t v  Ftesearc Value (Focused) 
capabili ty Gf exis t ing f a c i l i t i e s  t o  perform each task.  These capabi l i ty  percent- 
ages correspond t o  those presented i n  the  existing f a c i l i t i e s  column of Figure 5-4 
for  the  nineteen tasks  involved. The fourth column of Figure 5-5 presents the  
values corresponding t o  t5e maximum portion of t he  various tasks  a t ta inable  by 
ground f a c i l i t i e s ,  i n  terms of i dea l  pound-faci l i ty  value. Finally,  i n  t h e  last 
column of Figure 5-5 ,  the  value fo r  GD20 i n  conjunction with exis t ing f a c i l i t i e s  is 
presented corresponding t o  each Research Task, with the  Fac i l i ty  Research Value fo r  
GD20 shown a t  the  bottom of the  column as t he  sum of these individual task values. 
The numbers i n  the  t h i r d  and fourth columns for  t h e  individual tasks ,  as w e l l  as 
t h e i r  sums, serve as reference points  fo r  t he  values i n  the  f i n a l  column. Each 
’ialue i n  the f i n a l  cdumn l i e s  within the  in te rva l  bounded at the  lower end by the 
~61!i;3 s f  exis t ing f a c i l i t i e s  considered aione and a t  t he  upper end bjr the  iueal value 
for  g r o u d  f a c i l i t i e s .  
Research values are listed i n  Figure 5-6, on a task-by-task basis ,  fo r  a l l  
faci l i ty- task combinations which apply t o  Operational System C 1 .  The format is 
similar t o  tha t  of Figure 5-5 ht  includes a l l  f ive  ground f a c i l i t i e s  and both basic 
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FIGURE 5-6 FACILITY RESEARCH VALUES FOR OPERATIONAL SYSTEM C1 
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FIGURE 5-6 FACILITY RESEARCH VALUES FOR OPERATIONAL SYSTEM C1 (CONTINUED) 
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flight research vehicles evaluated in Pnase 111. 
indicate that the >articular facility does not have application to the corresponding 
Research Task. 
a particular facility are designated by asterisks. 
accomplishment only in ground facilities are iden3fied in the flight research 
vehicle columns. 
As in Figure 5-4, the 3asnes 
Those facility-task combinations which involve focused research for 
Tasks which are appropriate for 
The values ?resented in the Facility Research Value summary at the bottGm of 
Figure E;-6 are the sums of research values over all applicable %asks. 
tic Facility Research Values for the Phase I11 facilities, listed in the middle row, 
are the sums of values presented in the above portion of the figure for all appli- 
cable Research Tasks. The related existing-facilities total in the top row is the 
sum of the existing-facilities values for all tasks for which the reseerch facility 
has application. Similarly, the related ideal-facility totals in the bottom :ow 
are determined by summing the corresponding ideal-facility values over the tasks 
for which the research facility has an application. "he characteristic Faci.'.ity 
Research Values for the two flight research vehicles are the sums of the values 
corresponding to all tnsks except those designated as involving strictly ground- 
test research. 
corresponds to the values for the combination of all existing facilities summed 
over these same flight-test related tasks, while the related ideal-facility total 
is the summation of the intrinsic values, again, mer all tasks other than those 
involving only ground testing or which are strict2y analytic. 
Characteris- 
The related existing-facilities total for the flight vehicles 
The Facility Research Values prcsented in the focused research summary of 
Figure 5-6 are developed in a similar manner to the characteristic Facility Research 
Values. The only difference is that only those task-facility combinations desig- 
nated ty asterisks are involved in the summing process which yields these focused 
vdues. Therefore, the magnitude of the focused values is significantly reduced 
from that of the characteristic values. 
The values presented in this summary of characteTistic and focused research 
form the basis for the results shown fox Operational System C1 in the remainder of 
this volume. 
options relative ts Crperational System C1, as well as all data corresponding to 
Operational Systems L2, M1, and M2, is presented in the AF-endix. 
The developnent of the corresponding data for the flight vehicle 
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6. FLIGHT VEHICLE RESWCH POTENTIAL 
F a c i l i t y  Research Value i s  t h e  measure of research p o t e n t i a l  used i n  t h i s  
study. 
of t he  relevant Research Tasks applicable t o  an operat ional  vehicle.  
It measures the  capabi l i ty  of a f a c i l i t y  t o  f u l f i l l  t h e  expressed in t en t  
F a c i l i t y  Research Value, as deteminzd f o r  t h e  f l i g h t  research vehicle concepts, 
i s  viewed as the contribution of a f l i g h t  research program t o  provide confidence i n  
the technology base t o  proceed with i n i t i a t i o n  of an operational system. 
follows the  o r i g i r i t  prerr.ise used i n  t h e  "Hypersonic Research Requirements Survey'' 
e a r ly  i n  t he  study, i . e .  accomplishment of t h e  i d e n t i f i e d  research and develcpment 
w i l l  provide a minimum-risk procurement i n  the  event t h a t  it is found desirable  t o  
i n i t i a t e  procurement of one o r  more of t h e  p o t e n t i a l  a i r c r a f t  systems. Assessment 
of t he  F a c i l i t y  Research Value considers: 1) t h e  research contributions si" t h e  
f l i g h t  research vehicle and 2 )  t he  composite contributions of ex i s t ing  ground 
f a c i l i t i e s  t o  accomplishment of applicable Research T c k s .  
This 
The data presented allows a d i r e c t  comparison of t he  research po ten t i a l  of 
t h e  selected Mach 6 and Mach 1 2  f l i g h t  research vehicles i n  a consistent s e t  of 
terms. An assessment is  a l s o  presented f o r  t h e  enhancement of basic  vehicle  
research obtained by incorporation of t h e  following f l i g h t  research options: 
Mach 1 2  Research Vehicle 
Convertible Scramjet ( C S T )  
Thermal Protection System (TPS) 
Subsonic Turbojet (S-TJ) 
Horizontal Take-off (rT110) 
Armament (AI?&) 
O S-ramjet ( S J )  
Msch 6 Research Vehicle 
O T h e n a l  Protection System (TFS) 
O Armament ( M )  
The research po ten t i a l ,  o r  F h c i l i t y  Research Value, i s  broken i n t o  two d i s t i n c t  
categories ,  "charzcter is t ic"  and r'focused" as previously discussed, t o  provide a 
measure of overal l  and spec i f i c  research poten t ia l ,  respectively.  The character-  
i s t i c  research value i s  a measure of t h e  v e r s a t i l i t y  of a f a c i l i t y  t o  accoml ish  
the  conplete spectrum of research t a s k s  applicable t o  a given operational systex. 
This enables consideration of f a c i l i t y  c a p a b i l i t i e s  t o  accomplish a l l  Research 
Tasks which a re  accommodated by f l i g h t  t es t .  Focused research values i l l u s t r a t e  
t h e  research p o t e n t i a l  of  new f a c i l i t i e s  i n  those areas  of research f o r  which ttie 
added f l i g h t  research options are s p e c i f i c a l l y  designed t o  provide rese-rch da ta .  
6.1 RESEARCH - VEHICLE/OPERATIONAL VEHICLE -- COMPARISONS 
The select.ed f l i g h t  research vehicles a r e  designed t o  provide t h e  combined 
capabi l i ty  t o  explore t h e  e n t i r e  f l i g h t  p r o f i l e  defined for  t h e  representat ive 
po ten t i a l  operational vehicles.  
f ac to r s  unique t o  each f l i g h t  vehicle.  
vehicle capab i l i t y  t o  perform t h e  iden t i f i ed  Research Tasks as each appl ies  t o  a 
spec i f i c  opeyational vehicle.  
i s  tabulated i n  Figure 6-1. 
However, t he re  are several design and o re ra t iona l  
These influence t h e  assessment of research 
A b r i e f  summary of t h e  major vehicle  c h a r a c t e r i s t i c s  
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HYFAC FLIGHT RESEARCH VEHICLES ALLOW FULL EXPLORATION 
OF THE OPERATIWAL VEHICLE FLIGHT PROFILES 
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Each of t he  f l i g h t  research vehicles satisfies unique as w e l l  a;; mutually 
overlapping a r e i s  of research. 
h i c l e  with conventional wing-body configuration t h a t  incorporates take-off and land- 
ing c a p a b i l i t i e s  t y p i c a l  of current high-speed a i r c r a f t .  
a Mach 12 rocket-powered all-body configuration, airlaunched from a C-5, of fe r ing  
a v e r s a t i l e  c a p a b i l i t y  t o  accommodate many resefirch options. 
The basic  C210 i s  a Mech 6 airbreathing CruiFP vn- 
The basic  C233 vehicle  is  
A composite f l i g h t  envelone f o r  t h e  research a i r c r a f t  i s  presented i n  Fipure 
6-1, in  order t o  r e l a t e  t h e  research vehicle  c h a r a c t e r i s t i c s  with operational 
vehicle f l i g h t  p r o f i l e s .  It is  readi ly  apparent t h a t  t \e f l i g h t  research vehicle;: 
combine t o  allow exnloration of t h e  e n t i r e  range of temperature, pressur . and Mzc'- 
number f o r  t h e  oneratiocal vehicle  f l i g h t  p r o f i l e s .  For a rccket-power vehicle ,  
maximuin-altitude envelope i s  a function 3f ovcre l l  t h r u s t ,  t o t a l  propel lants ,  and 
vehicle control capabi l i ty .  The absolute upper f l i g h t  envelope is  governed by 
vehicle recovery l i n i t s  ( s e t  by s t r u c t u r a l  and therms1 considerations as explained 
i n  Volume I V ,  Par t  I ) ;  but This 
enables high-altitude exploration of t h e  environment and research intG v-hicle r e -  
turn/recovery techriques,  although some tes t  time an2 speed reduction may be nccos- 
sary,depen.ling upon t h e  exact ascent t r a j e c t o r y  selectecl. The Mac3 6 vehicl;. 
operational envelope i s  governed by 
WhiC,ney an t i c ipa t e s  f u l l  ramjet mode capabi l i ty  operat,ic.i f o r  t h e  ~ E & L L  t o  1.10 -000 
f e e t  (33.5 km) and Marh 7. 
Both vehicles a r e  designed with a 2500 psf  i11.97 N/cm2) dynam..c :.ressure 
these  enable f l i g h t  UD t o  250,000 f e e t  (76.2 h). 
Iie engine operating .-nvelope, but P r a t t  and 
design capabi l i ty .  
Mach number by a ramjet duct pressure l i m i t  or' 150 p s i  (1-03.4 &/em2). 
eqvilibrium skin temperature f o r  t h e  Mach 12 vehicle  i s  2800°F (1811 O K ) .  
airlaunched rocket vehicle employs constant-Altitude accelerat ion t o  i t s  design 
dynamic pressure.  
t h a t  vehicle,  s ince t h e  rocket engines are designed f o r  full e x p n s i o n  a t  an 
a l t i t u d e  of 35,000 feet(9.14 km) and extensive maneuvering would result i n  substan- 
t i a l  nozzle flow separation. 
would allow explcration of t h i s  p r t i o n  of t h e  envelope with minimum performance 
losses .  
The Mach 6 vehicle  i s  placarded between Mach 3.8 and i t s  c ru i se  
The design 
The 
This represents a f a i r l y  r e a l i s t i c  lower operating envelope fo r  
The HTO optior  with lower expansion r a t i o  nozzles, 
Although t h e  basic  Mach 12  research vehicle  exhibi ts  t h e  2 o t e n t i a l  t o  cover 
t h e  e n t i r e  operational spectrum, t h e  basic  vehicle  does not incorporate an a i r -  
breathing propulsion capab i l i t y .  
Scramjet options w i l l  provide t h i s  capab i l i t y  within t h e  defined envelope. CIle 
par t i cu la r ly  s t t r a c t i v e  research approach includes use of t h e  basic  Mach 1 2  vehicle  
t o  provide aerothermodynamic configuration data with s u f f i c i e n t  flow f i e l d  and 
shock interference de f in i t i on  t o  enable relative* hiEh-confidence incorporation of 
t h e  airbreathing research options a t  a later date.  The payoff, i n  t e rm cf a t t a i n -  
ment  of F a c i l i t y  Research Value, i-s i l l u s t r a t e d  i n  subsequent sect ions.  
However, both t h e  Tonvertible Scramjet and 
6 .2  POTENTIAL OF BASIC RESEARCH -4IRCRAFT 
Each f l i g h t  research a i r c r a f t  was analyzed t o  determine i t s  c o n t r i b u t i m  
toward fulf i l lment  of t h e  research t a sks  as they -yply t o  t h e  q o t e n t i a l  operational 
systems. TliC assessment represents t h e  parametric matching c I' iesearch vehicle sild 
operati-?a1 vehicle  cha rac t e r i s t i c s .  The r e s u l t s  pro-.ide i c s i g h t  i r t o  how w e l l  
e i t h e r  t n e  Mach 6 or Mach 12  a i r c r a f t  can per fom t h e  research required f o r  eac:l 
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?otentf;r:. . .erational system i,. terms r e l a t i v e  t o  that system. Although the  r r s u l t s  
may be indicat ive of chrrent conlider. e l eve l s  f o r  development of a p a r t i c u l a r  
oyerational system, tL.:y Cd not depict  t h e  d i f f i c u l t y  of acconplishing the research 
on c;n abFolute sczle,nor do they def ine operational system l eve l s  of r i s k .  
Results are presented i n  t e rns  of both F a c i l i t y  Research Value and percent of 
t c t d  intricSiC value f o r  a l l  flight-research-related t a sks  applyinp: t o  t h e  pa r t i c -  
u l a r  operational vehicle.  The .rizlue of a l l  combined ex i s t ing  ground f a c i l i t i e s ,  
evaluated on t h e  sme oasis, is a l s o  shown and provides a point of  reference f o r  
compa:ison of f a c i l i t y  capab i l i t i e s .  The evaluaticn includes a broad base of 
po ten t i a l  research, cu t t i ng  across a l l  technology l i n e s .  The r e l a t i v e l y  hiKh 
research values attainec? by t h e  f i i g h t  vehicles  i s  Indicat ive of the inportance of 
f l i g h t  demonstratien ar,d t h e i r  inherent v e r s a t i l i t y ,  i.e. t h e  a b i l i t y  t o  accomplish 
simultaneous research ad examine in t e rac t idas  of individual technological contr i -  
b c t i m s .  
I n  a assessment of t he  c a p a b i l i t i e s  of the fl ight resewch vehicies as apnlied 
t o  operational s y s t e m  requiremects, it is e v i d e d  t h a t  t h e  cioser t h e  mat=h between 
research vehicle  c h a r a c t e r i s t i c s  and operational vehicle  cha rac t e r i s t i c s .  t h e  
higher +,he F a c i l i t y  Research Value f o r  t h a t  spec i f i c  research vehicle.  When examin- 
ir? *he basic Yach 12 research vehicle c a p a k i l i t i e s  f o r  t h e  L2 and V2 onerational 
vehic1r.a ,it is qu i t e  aFparent t h a t  a s i g n i f i c a c t  increase i n  research po ten t i a l  
nay be derive2 by she add-ition of a n  a i rbresthing opticn t o  t h e  basic  vehicle .  As 
a r e s u l t ,  t h e  Cl- 
Research Value -: "eez iden t i f i ed  with t h e  basic  Mach 12 vehicle  contribution f o r  
each operating veh.i-le. C f  :he a i rbreathing modifications. t h e  C S J  is chosen f o r  
i l l u s t i a t i o n  because it cfFers increased f l e x i b i l i t y  on a research b a i s  over t h e  
scramjet (SJ). 
comFonent df ' -  ; l o p e n t  which mqv a l s o  be appl icable  t o  conventicnal ramjet o r  tur- 
boramjet engines, and enables a i rbreathing c r x i s e  operaticn of  t h e  e l l  body config- 
urat ion below Mach 7. 
Tt ibl?  Scraqjet  o p t i m  ((232) contributior: t o  t h e  F a c i l i t y  
The duLl mode (subsonic combustion) fezture o f f e r s  po ten t i a l  f o r  
6.2.1 RESEARCH -POTENTIAL CFmmERIZED FOR OPFX~TIONAL SYSTI24 L2 - The research 
tasks  applic6ble t o  t h e  recoverable laurch vehicle  incllide spec i f i c  requirements 
t o  ir.vestigate staging techniques, USE of react ion control  mctors. rcci investiga- 
t i o n  of ablat ion cooling techniques. Propulsicin t a sks  are l imited t o  thcse  vhich 
Pfi'ect t u rbo je t  and convertible scramjet engine develc?mect and integrat ivn,  while 
t?zks  che rac t e r i s t i c  of m i l i t a r y  operation an5 rapid turnaround are excluded. 
Considsrable emphasis i s  placed on t h e  e n t i r e  aerothennodynamic research er;-?elcpe 
atd an u t i l i z a t i o n  of cryogenic prope,lants. 
-_- - .- - - ----- 
A compa;-isor, of r e l a t i v e  capa5 i l i t y  between t h e  basic  black 12 and Yach 6 
vehicles revaais t h a t  t h e  Mach 6 vehicle,  with ai rbreathing +,ake-off a n d  landing 
c2pability,can s a t i s f y  some of  tho  low-speed aerodynamic and operational t a sks  
alc iq with operatic? of i n l e t  controls  and component de-.relopn?ent through t h e  
transonic regix2 up t o  Mach 6. 
basic Mach 12 performnce i n  th, highcr-speed envelope, prcviding increased aero- 
thermoqvnaml - : ; 3  strbctursl da t a  i;! t h a t  environment f o r  R cocfiguration more 
renresentati-.ro of t h e  Jpe-ational vehicle  LZ. The addi t ion -Jf t h e  Convertible 
S c r m j e t  opcion t 2  t he  + u i c  ilacir 12 vehicie provides a near-prototype 
confiqurat:.oc,as i l l u s t r a t e d  by t t e  F a c i l i t y  Resea- ch V a h e  inDrovement de;icted 
i n  F isure  6-2. 
T h i s  advsntage is  s l i g h t l y  ncre  *.ban offset by t h e  
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FIGURE 6-2 
FLIGHT RESEARCH VEHICLES GREATLY INCREASE RESEARCH POTENTIAL 
OVER EXISTIN6 GROUND FACILITIES 
opatti~lS~L2:RscorenbkLrnch-#Ito1O-TJ/CsJ 
- 
Although there is s t i l l  a s ign i f i can t  conf igwat ion  difference,  the bas ic  research 
vehicle  is capable of fully exploriiig t h e  projected operat icnal  vehicle  f l i g h t  
p r o f i l e  as discussed above. The values shovn iucliizc t k e  lise of  ex i s t ing  ground 
f a c i l i t i e s  as a foundation i n  t h e  development of t h e  basic f l i g h t  research vehicle.  
Using t h e  ex is t ing  f a c i l i t i e s  as a point  of reference,  t h e  bas ic  f l i g h t  vehicles  
each increase t h e  ex is t ing  research poten:ial by about 135%. 
Convertible Scramjet option t o  t h e  bas ic  Mach 12  vehicle  increases  t h e  ex is t ing  
po ten t i a l  t o  accomplish research relevant  t o  t h e  recoverable launch vehicle  
The addi t ion of t h e  
170%. 
6.2.2 RESEARCH F0TENl'IA.L CHARACTER-ZEP Fc)3 OPERAZOFdZ SVSTPI C 1  - Several of t h e  
Research Tasks i den t i f i ed  i n  Section 3 have spec i f ic  relevance t o  the operat ional  
Mach 6 hypersonic t r anspc r t ,  while cthers hove been deleted because of t he i r  lack  of 
appl icat ion.  
engine noise  reduction and provisirm of rap id  turnaround v i th  crq-ogenic systems gain 
i n  importence. Developmer' the  hydrcgen-fueled turboramjet engine and research i n t o  
mode transit i .on,  engin. 
merits i n  the  ace-uisit 
c l a s s  .chicle. Tasks 
i n  t h e  assessIcent of re 
s taging or  r e s a l t i n g  i n  long turnsround times, mi l i t a ry  response and armament, and 
spec i f ic  research i n t o  p r o p h i o n  concepts other  than t h e  turboramjet. 
For c o m e r c i a l  tratlsFor5 operations,  tasks involving inves t iga t ion  of 
t i m  techniques ard i n l e t  uns t a r t  are e s s e n t i a l  ele- 
Agn-confidence data base f o r  development of a C1- 
we beon iden t i f i ed  as Inappropriate,  (and not included 
2n p c t e n t i a l  ep2l icable  t o  C 1 )  are those deal icg with 
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Figure 6-3 i l l u s t r a t e s  t he  extent  t o  which t h e  basic  Mach 6 and Mach 12 resezrch 
vehicles increase the  reseprch po ten t i a l  of ex is t ing  f a c i l i t i e s .  
vehicle provides s ign i f ica i - t ly  grea te r  research capabi l i ty  r e l a t ed  t o  C1 than the  
basic Mach 12  vehicle f o r  a l l  major technica l  areas except s t ruc tures  and mater ia ls  
development, where comparable research value e x i s t s .  
s imi l a r i t y  between the  bas ic  Mach 6 research vr5 ic le  and the  operat ional  system 
studied. Although spec i f ic  configuration differences e x i s t ,  such as overa l l  s i z e ,  
i n l e t  locat ion and s t r u c t u r a l  arrangement, t h e  f l i g h t  demonstration capab i l i t i e s  
allow f u l l  exploration of t he  operat ional  vehicle  f l i g h t  p ro f i l e .  Exis t ing ground 
f a c i l i t i e s  are used t o  provide z? base f o r  t h e  f l i g h t  research f a c i l i t i e s ,  as noted on 
t h e  bar char ts .  The F a c i l i t y  Research Value f o r  existing f a c i l i t i e s  equals 39% of 
t h e  t a s k  i n t r i n s i c  value t o t a l  f o r  those t a sks  which are amenable t o  f l i g h t  research. 
The basic  Mach 6 f l i g h t  f a c i l i t y  a t t a i n s  9Ox of t h e  t a s k  i n t r i n s i c  value t o t a l ,  w h i l e  
t h e  air-launched Mach 12 rocket vehicle  a t ta ins  only 77% of t h e  research goal. 
Inclusion of t h e  Convertible Scramjet option, as shown by t h e  dashed l i n e ,  provides 
some airbreathing propulsion developent  (components and in tegra t ion  s tudies ) .  The 
result is  a m o d e s t  increase ic f a c i l i t y  research poten t ia l .  
The bzsic  I~lacfi 6 
The results r e f l e c t  t he  general  
FIGURE 6-3 
FOR A MACH 6 OPERATIONAL SYSTEM 
Opa4ioml S y s h  Cl typermic T r a w  - M6 - TfU 
A MACH 6 RESEARCb' LiICLE HAS A LARGE RESEARCH VALUE ADVANTAGE 
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6.2.3 
research scope is somewhat reduced f o r  Operational System Ml. 
system concept is a Mach 4.5-class, stor&de-hydrocarbm fueled, turboraqjet-  
pawered interceptor .  
with supersonic combustion research, s taging,  and t h e  use of ab la t ive  thermal pro- 
t ec t ion  schemes. 
fuels, and research i n t o  sa t i s f ac to ry  armament s torage and launch techniques. 
RESEARCH POTENTIAL CHARACTERIZED FOT: OPERATIONAL SYSTEM M l  - Tke overa l l  
This pa r t i cu la r  
As a result, a l l  t he  cryogenic t a sks  are elin;ina;ed, along 
Rnphasis is placed 0.1 engine/airframe in tegra t ion ,  hydrocarbon 
A measure of current capabi l i ty  is i l l u s t r a t e d  i n  Figure 6-4. The bas ic  Mach 
6 ;rehicle with turboramjet propulsion of fe rs  t h e  g rea t e s t  research po ten t i a l ,  with 
a F a c i l i t j  Research Value equaling 915 of t h e  t o t a l  i n t r i n s i z  value of a l l  f l i g h t  
Research T a s k s  applicable t o  Ml. 
t i o n  t o  M l ,  o f r e r s  considerable po ten t i a l  f o r  lw-speed and t ransonic  aerodynamk 
invest igat ion as wel l  as prQpulsion in tegra t ion  techniques, pa r t i cu la r iy  mode 
t r a n s i t i o n  and i n l e t  operation at appropriate points  i n  t h e  f l i g h t  prof i le .  As a 
result, s ign i f i can t  increases over bas ic  Mach 12 vehicle  capabi l i ty  have been 
reg is te red  fo r  t h e  aerodynamic and propulsion technologies,  with moderate improve- 
ments noted i n  all other  areas. The addition of t h e  airbreathing option increases 
the  Mach 12 research po ten t i a l  f r o m  77% t o  805 by v i r t u e  of increased vehicle  
f l e x i b i l i t y  and exploration of t he  subsonic combustion mode (and its in tegra t ion /  
vehicular e f f e c t s ) .  
research po ten t i a l  of 43% f o r  Ml. 
This vehicle ,  although not i d e n t i c a l  i n  configura- 
As a point of comparison, ex i s t ing  ground facilities have a 
FIGURE 6-4 
A TURBORAMJET MACH 6 RESEARCH VEHICLE SATISFIES YOST RESEARCH 
REQUIREMENTS FOR A MACH 4.5 INTERCEPTOR 
0pntio~;il S@- Yl I&c@N - YI.5 - TRJ 
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6.2.4 FESEARCH POTENTIAL --- CHARACTERIZED FOR CPERATIONAL SYSTEM M2 - Research Tasks  
reauired fo r  high-confidence development of t he  Mil i tary Stri!:e system involve (1) .~ 
aerodynamic/thermodynmic hypersonic flow cha rac t e r i s t i c s  , (2 )  low-speed configura- 
t i on  development, ( 3 )  operation 2nd in tegra t ion  of t h e  scramjet engine, (4) cryogenic 
propellant systems, ( 5 )  research in to  advanced s t ruc tura l / thermal  protect ion systems, 
and (6)  invest igat ion of armament iiltegration/weapoEs 1 r l ea se  techniques. 
Tasks involving in tegra t ion  of primayy lov-speed a i rbrea th ing  propulsion, pronulsion 
mode t r a n s i t i o n  ( i n  e i t h e r  t h e  TJ /RJ  or 
s tage  separat ion are not per t inent .  
Research 
subsonic-to-supersonic combustion), o r  
I n  a l l  technology areas, t h e  bas ic  Mach 12 research vehicle  shows an increase 
i n  research po ten t i a l  over t h e  basic  Mach 6 vehicle. 
increases a r e  i n  propulsion (because %he configuration allows research i n t o  
de f in i t i on  of ex terna l  compression and expansion), aerothemaq,%amics (because of 
Kach number extremes,even though t h e  Mach 12 vehic le  c a r i o t  perform bas ic  low-speed 
and take-off and landing research)  end subsystems research i n t o  cryogenics, armament, 
f l i g h t  da t a  systems, and controls .  S i g n i f i c a t  increases  are a l s o  noted i n  the  
s t ruc tu res  and materials area,  pr imariki  at  t h e  high-temperature end f o r  reses;.ch 
involving coated re f rac tory  m e t - s i s ,  r ad ia t ive  shingles ,  and high-temperatxe com- 
ponents (bearings, seals, radomes, e t c .  ) 
The g rea t e s t  proport ional  
Figure 6-5 cont ras t s  t h e  bas ic  Mach 6 and Mach 12 vehicle  c a p a b i l i t i e s  with 
addi t ion of t he  CSJ option to  the  bas ic  Mach 12 vehicle. 
enhancement provided by t h i s  option is evident. 
llology areas  t o  enable attainment of a F a c i l i t y  Research Value equivalent t o  86% 
of the  t o t a l  i n t r i n s i c  value of a l l  f l i q h t  research relevant  t o  M2. 
j e t  option were used i n  place of t h e  Convertible Scramjet,thereby c lose ly  dupl icat ing 
the  operat ional  vehicle  except for veapons capabi l i ty ,  t h e  research p o t e n t i a l  
would reach 875;. As a point  of reference, ex i s t ing  ground f a c i l i t i e s  a t t a i n  31% 
of the  research goals ,  with very minor hypersonic prcpulsion capab i l i t y  included. 
The dramatic f a c i l i t y  
It impacts v i r t u a l l y  a l l  tech- 
If t h e  Scram- 
6.3 POTEXTIAL OF RESEARCH AIRCRAFT ENHANCED BY OFTIOIrS 
The addition of other  research options, or modifications t o  t h e  bas i c  research 
vehicles ,  can s ign i f i can t ly  enhance the  bas ic  vehicle  research p o t e n t i a l ,  as j u s t  
i l l u s t r a t e d .  
p lora t ion  of t h e  operat ional  vehicle  p ro f i l e s .  
ment i n  ccnfidence f o r  operat ional  s y s t e m  development f o r  t h e  erl t ire f l i g h t  
spec t rm.  It is  an t ic ipa ted  t h a t  systems demonstration, pa ra l l e l ed  by ground 
f a c i l i t y  invest igat ions of configuration a l t e rna t ives ,  w i l l  allow attainment of 
cofifidence l eve l s  f o r  development vhich approach t h e  research goal  even though 
exact configuratian s imi l i tude  may not  be demonstrated. 
The sum of all research options vi11 approach t o t a l  parametric ex- 
The end result i s  major improve- 
The drainatic increase i l l u s t r a t e d  f o r  t h e  Convertible Scramjet option t o  the  
basic  Mach 12 research vehicle  exfiends a lso  t o  t h e  Scramjet option f o r  t h a t  same 
vehicle. On a cha rac t e r i s t i c  research scale (i. e. i n  terms of attainment of t h e  
t o t a l  i n t r i n s i c  value of a l l  f l ight-research-related t a sks  applying t o  a given 
oFerat iona l  vehicle  , t he  remaining options show only modest increases. Their indi-  
vidual  meri t ,  and absolute value, is l o s t  i n  t h e  mass of niunbers unless  spec i f i c  
a t t en t ion  i s  focused t o  those ares;;, o r  Research Tasks, t o  which these  options 
apply. 
"Focused Research Value" is  employed, as opposed t o  t h e  "Charac te r i s t ic  Rcsmrch 
Value", which appl ies  t o  the  entire set of f l ight-research-related tasks appll Lng 
t o  an operat ional  system. 
HC-NRU m--r 
For t h i s  reason, when s p e c i f i c  a t t en t ion  is devoted t o  such areas, t h e  t e r n  
6-8 
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FIGURE 6-5 
A SCRAMJET ADDED TO THE MACH 12 RESEARCh ViHICLE SIGNIFICANTLY INCREASES 
Operational System W :  Military Strike - M1Z - RKT/SI 
ITS VALUE FOR A SCRAMJET-POWERED OPERATIONAL SYSTEM 
1WO 
6.4 -. FOCUSED RESEARCH PO"Ti4.L F9R MACH 6 M I I C L E  OPTIONS 
The bas ic  Mach 6 vehicle ,  wIth only two research opt ions,  can serve as a good 
Figure 6-6 i l l u s t r a t e s  t h e  char- 
example t o  fur ther  c l a r i f y  t h e  r o i ?  of focused research i n  t h e  ana lys i s  of capabil- 
i t y  enhancement through t h e  addi t ion of options. 
a c t e r i s t i c  F a c i l i t y  Research Value f o r  t he  bas ic  vehicle  and f o r  each option i n  
terms of attainment of t he  t o t a l  i n t r i n s i c  value of a l l  f l ight-research-related 
tasks  which apply t o  each operat ional  vehicle. 
Sj-stem (TPS) and Armament (ARM). 
while t he  Armament option appl ies  on ly  t o  the  mi l i t a ry  vehicles  Ki and M2. 
cha rac t e r i s t i c  basis the  increased research value can barely FJe measured, being 
no g rea t e r  t h m  15, although the  optiob i s  absolut.cly essezltial f o r  operati0n.L 
vehicle development. 
The options are Thermal Protect ion 
The TPS option appl ies  t o  all o x r a t i o n a l  vehicles ,  
On a 
s:. tumming i n t r i n s i c  values over only those t a sks  appl icable  t o  t h e  options 
::. ,;o?rstional vehicle ,  a t t en t ion  i s  focused on t h e  improvement i n  re- 
i-u f o r  only the  relevant  t a sks ,  and t h e  differences are no l m g e r  
The research p o t e n t i a l  a t t a ined  i s  ind ica t ive  
y~ . .~ i e? ated research. 
tnt  :*.L envelope covered and does not d i f f e r e n t i a t e  between . -. 
..J. - :  i n  regard t o  difficli'.ty of performing a given object ive.  
. .  - - . ~ . a . s e d  research assessment are shown i n  Figure 6-7 f o r  t h e  
- B U R L &  A#- 
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same options vhich are evaluated i n  c h a r a c t e r i s t i c  terms i n  Figure 6-6. 
For the  armament option, increases i n  research po ten t i a l ,  on a focused bas i s .  are 
685 and 74% of t h e  basic  values foi- M 1  and M2,respectively. 
t h a t  t he  un fu l f i l l ed  portion of t h e  t o t a l  applicable research (on a focused basis  
a f t e r  incorporation of t h e  apt ions)  i s  ind ica t ive  of t h e  d i f f i c u l t y  of attainment 
of those spec i f i c  research g3als for each operational system. The c lose r  t h e  re- 
soxrch vehicle resembles a sFecif ic  operational system, t h e  greater t h e  research 
po ten t i a l  i n  r e l a t i o n  t o  t h a t  system. ?he use of focused values places emphrsis 
on t h e  spec i f i c  nat.ure of t h e  research i n  question f o r  each option and allows a 
quan t i t a t ive  ranking by operational systems. 
It w a s  generally found 
FIGURE 6-6 
MODEST IMPROVEMENT IN FACILITY RESEARCH VALUE 
OVER BASIC VEHICLE CAPABILITY 
ALL MACH 6 FLIGHT RESEARCH OPTIONS SHOW 
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FIGURE 6-7 
FOCUSED RESEARCH PROVIDES EMPHASIS FOR THOSE TASKS 
RELEVANT TO EACH NACH 6 VEHICLE OPTION 
6.5 FOCUSED RESEARCH POr.TIAL FOR MACH I 2  VEHICLE OPTIONS 
F a c i l i t y  Research Values a r e  discussed i n  t h i s  sect ion fo r  each 
R 
of t h e  opera- 
t i o n a l  vehicles on a fomse? research basis foi. a i l  Mach 1 2  vehicle options. The 
options which apply t o  all operat ional  vehlcies  are t h e  a i rbrea th ing  propulsion 
options (including subsonic tu rbo je t s  w:Tich provide landing and take-off data) ,  
Thermal Protect ion,  and Horizontal Taka -off options. The Armament option apFlies 
s t r i c t l y  t o  t h e  mi l i ta ry  vehicles ,  while t he  s tag ing  option relates so le ly  t o  t h e  
launch vehicle. The dominant increases  shown f o r  t h e  a i rbrea th ing  propulsion re- 
search options are due t o  t h e i r  wide impact i n  a l l  t echmlog ica l  areas. This is 
especial ly  t r u e  fo r  t he  Scramjet and Convertible Scramjet options as they r e l a t e  
t o  t h e i r  nearest  operat ional  counterpar t - ,  M2 and L2, respect ively.  In  addi t ion t o  
showing the  improvement i n  research po ten t i a l  produced ky each of these  options on 
a focused b a s i s ,  Figure 6-8 i l l u s t r a t e s  again t h a t  t h e  research contributioli i s  
proFortional t o  simulation of t h e  operat ional  system envelope. 
6.5.1 FOCUSED RESEARCH POTENTIAL FOR OPERATIONAL SYSTEN L2 - Research contribu- 
t ions  of all individual  options f o r  t he  Mach 12 vehicle  
focused basis I.n Figure 6-9 fo r  t he  recoverable launch vehicle. As notrd e a r l i e r ,  
t he  pr inc ipa l  bene f i t  a t t a ined  i s  a r e s u l t  of t h e  addi t ion of a i rbrea th ing  propul- 
s ion t o  the  airlaunched rocket. 
incr3ases the  research p o t e n t i a l  over t h e  bas ic  vehicle  by 56% f o r  research r e l a t e d  
are i l lustrated on a 
l'he s taging option now comes l n t o  prominence and 
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FIGURE 6-8 
RELATIVE FOCUSED RESEARCH VALUE CONTRIBUTI(M OF 
SCRANJET OPTIONS IS INFLUENCED BY OPERATIONAL SYST€Y CRUISE PROPULSION 
l l x b l 2  st& I I I I 
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FIGURE 6-9 
ARBREATHING PROPULSIm OPTIONS SIGNIFICANTLY IMPROVE FOCUSED RESEARCH POTENTIAL 
FOR OPERATIONAL SYSTEY L2 
Operational System L2: Recoverable h c h  Y8 to 10 - TJ/CSJ 
r- I I I I I 1 l---I-- 
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t o  staging. 
s en ta t ive  undisturbed flow f i e l a  and operation i n  t h e  appropriate aerothermal 
environment. 
over t h e  basic  F a c i l i t y  Research Value by v i r t u e  of i t s  contribution t o  low-speed 
performance de f in i t i on  md configuration development f o r  t h e  all-body shape. 
The Subsonic Turbojet option provides research i n  t h e  same f l i g h t  regime, and 
a l so  allows invest igat ion Jf a i rbreathing i n l e t  controls  up t o  the t ransonic  
f l i g h t  regime while prov5ding steady s t a t e  operation and extensive maneuverinz 
capabili ty.  
option. The Thermal PrQtection option provides f l e x i b i l i t y  f o r  research i n t o  
other system concepts, which is  r e f l ec t ed  by an increase of about 25% over the  
basic  value on a focused bas i s .  
The basic  vehicle has some capaL,lity through de f in i t i on  OS a repre- 
The Horizontal Take-off option provides an increase of about 28.5P 
The r e l a t i v e  increase i n  research p o t e n t i a l  is  45% f o r  t h a t  p a r t i c u l a r  
'l'he F a c i l i t y  Research Yalue i n  absolcte terms represents t he  q x m t i t y  of re- 
search ( i n  terms of t h e  number of objectives and t a s k s )  applicaDle t o  each option. 
Exact i den t i f i ca t ion  of t h e  t a sks  r e l a t i n g  t o  each option on R focused b a s i s  
appears i n  t h e  appendix, along with t h e  quail t if ication of focused research value 
f o r  each task.  
6.5.2 
all-body configuration provides somewhat l imi t ed  capab i l i t y  ( f o r  attainment of t he  
f u l l  measure of research goals applicable t o  t h e  commercial iilach 6 hypersonic 
t r anspor t )  wheE compared t o  the  basic  Mach 6 vehicle c a p a b i l i t i e s  noted i n  the  
previous sect ions and i l l u s t r a t e d  i n  Figure 6-3. 
l imi t ed  capabi l i ty  can be enhanced by incor?oration of t he  research options t o  the  
extent noted i n  Figure 6-10. 
FOCUSED RESEARCH POTENTIAL FOR OPERATIONAL SYSTEM C1 - The basic  Mach 12 
However, even t h i s  r e i a t i v e l y  
Again, t h e  airbreathing propulsioc modifications o f f e r  t h e  g rea t e s t  p o t e n t i a l ,  
primaril)  due t o  integrat ion t a sks  and research i n t o  component development. The 
r e l a t i v e  increase over t h e  ba5ic vehicle i s  about 25% and 47% :or t h e  Scramjet and 
Convertible Scramjet options,  respectively.  For a Mach 6 hypersonic t r a n s p - r t  with 
2-D ramjets,  +,he Corqertible Scramjet option would be e-ren more valuable than shown 
f o r  t h e  turboramjet p o w e r e d  C1 operation& system. Since t h e  basic Mach 1 2  vehicle  
has A t t l e  low-speed aerodynamic capabilzty and no ground takeoff provisions,  t h e  
SQkonic  Turbojet c"=l,i Horizontal Take-off q t i o n s  exhibit a proniinent increase i n  
research po ten t i a l .  
Subsonic Turbojst a i d  Eorizontal  Take-off options, respectively.  "he thermal pro- 
t e c t i o n  system f o r  t he  bas i c  vehicle provides a F-ci l i ty  Research Value which i s  
eqaivalent t o  90% of t h e  t o t a l  research applicabie t o  t h e  TPS option. This option 
F -  
ti 
due t o  t h e  f a c t  t h a t  t h e  Fesearch vehicle  is  equipped with tho  same thermai pra- 
t e c t i o n  system as t h e  operat ional  system C 1 .  
equ-ipped with a d i f f e r e n t  TPS, t h e  research value f o r  t h e  Sasic vehicle  decr sses 
and a n  increase i n  t h e  value of  t h e  TPS option is noted. 
The F a c i l i t y  Research Value increases 40% and 248 f o r  t h e  
-i3cs only a modest 8% increase i n  value Over t h e  basic  vehicle f o r  t a sks  r e l a t ed  _. O f  course, t h e  r e l a t i v e l y  high research value f o r  t h e  basic  vehicle  i s  
If t h e  basic  research vehicle  i s  
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6.5.3 
e x i s t s  f o r  t he  h l 1  ;perations1 system t o  t h a t  discussed above f o r  C1. The basic  Mach 
12 vehicle has a subs t an t i a l  f l i g h t  p o t e n t i a l  t h a t  f e r  exceeds requirements f o r  t h i s  
LGerational system. In addition, i:@icable thermal protectlon and s t r u c t u r a l  prob- 
lems are s ign i f i can t ly  reduced i n  scope because t h e  operational systeii employs s tor-  
able hydrocarbon fuels  x i t h  an order-of-magnitude reduction i n  speccfi: f u e l  volume. 
Again, t h e  operational capabi l i  Lies and generally increased flexib: Lity offere, by 
t h e  airbreathing propulsion and horizcntal  take-off options o f f c r  the g rea t e s t  
increase i n  research potent ia l .  
- FOCUSED HlW'!.RCH POTENTIAL FOR OPERATIONAL SYSTEM M1 - J similar s i t u a t i o n  
FIGURE 6-10 
FOCUSED FACILITY RESEARCH POTENTIAL FOR OPERATIONAL SYSTEM CI 
IS ENHANCED BY ALL OPTIONS 
Operational System C1: Hypersonic Transgort - Y6 - TRJ 
HTO 
SllbsiXlic 
Tub# (S-TJ) 
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Foc:6ed R e a r c h  VoLH d Bask &,:I 12 Vcbick 
far 1r.k Applictbk to Optioll 
1 
F o c d  Research Value d Mach 12 Vd!ick 
with O$iy fa Task Apoiicrbk to Q 
I I 
I 
I 
Specific value-: %L l i l u s t r i t e d  I r ?  r'igurz 6-11 f o r  both the  kasic  vehicly and 
the  q t i o n s .  Again. ttt t h e m t l  pr. tection research requirenents are v i r tua l ly  
s a t i s f i e d  by the basic  v?hicle t o  the extent necessary f o r  high-c&if clence develop- 
ment of M l .  
and on-a focused bas i s  it provides an iiicresse of 67J over tP.e b:.=ic vehlcle ik'..ich 
i d e n t i f i e s  flow f i e l d  and the rna l  envel )pel. 
The Amanent option i s  tu a b s o h t e  necessity f o r  t h e  r i l i!a?y veh ic l e s ,  
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FIGURE 6-11 
MODEST YPROVEYENT IN FOCUSED RESEARCH VALUE IS OBTAINED 
BY ALL OPTIONS FOR OPERATIONAL SYSTEM Y1 
*ti-l Sptm Y1: l n t ~ c e p t ~ r  - U4.5 - TRJ 
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Facility Rcoerth V a l r  
h . 5 . h  
i c a l l y  ca i lo r ing  t h e  research vehicle t o  resemble its operat ional  counterpart i s  
FOCUSED RESEARCH POTEIfTIAL FOR WERATIONAL SYSTEM 142 - Ti? h p c t  of gener- 
again dramatically demonstrated by Figure 6-12. The addition of t h e  airbreathing 
options t o  the  bas i c  Mach I2 research vehicle increases t h e  research po ten t i e l  of 
respectively.  Since the  operational system i s  a l so  rocket-powered fctr i - n i t i a l  
accelerat ion,  t h e  Subsonic Turbojet option provides only modest. improvement i n  
research p o t e n t i a l  applicable t o  the  operational vehicle. '=he Horizontal Take-off 
option does provide a s ign i f i can t  improvement i n  research po ten t i a i ,  tiowe-vci- ,  over 
+ i r  I.-: vehicie by 76; m d  725 f o r  the Scramjet a?& Convertible Scramjet options,  
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t h e  basic  airlaunched research vehicle. The improvement f o r  t hese  sys%ems, SA 
referenced t o  the  basic  research p o t e n t i a l ,  I s  2% fo r  t h e  S-TJ option and 35% f o r  
tile BTG option. TKI~! 'Iiiei-iUiil Protection option provides an hicrease i n  t h e  t o t a l  
resezrch applicable t o  t h a t  option from 85% f o r  t h e  bas i c  vehicle tc! 05% f o r  t h e  
nn+ip!? 'I - - nn 9 fncirned renea:ch bas i s .  Again, research i n t o  amament stovaee and 
delivery techniques i s  an absolL>e necessity f o r  development of t h e  operat ional  
vehicle.  I n  terms of focused research po ten t i a l ,  t h e  armament option pruviiitts w 
increase of 88% over the  basic  vehicle capabiiiLy. 
a l lovs invest igat ion of second body/flow in t e rac t ion  e f f e c t s  as w e l l  as enabli-ng 
ac t ive  exercise of fire controi  and antenna systems i n  t h e  hypersonic environment 
under equivzlent combat conditions. 
The use of  t h e  research option 
FIGURE 6-12 
MAJOR RESEARCH GOALS FOR SCRAMJET OPERATIOWAL VEHCLE 
CAM BE ATTAINED WTH SJ/CSJ OPTIONS 
Operational System W :  Yilituy Strike - Y l 2  - RKT/SJ 
1 
I 
I 
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7. GROUTlD FACILITY RESEARCH PCTE37TIkL 
F a c i l i t y  Research Value is a l s o  t h e  measure of  research po ten t i a l  used f o r  
ground f a c i l i t y  evaluation. In t h i s  context,  t h e  f a c i l i t y  research value combines 
t h e  i n t r h s i c  value of  t h e  research t a s k s  applica'sle t o  an operat ional  vehicle  v i t h  
the  capab i l i t y  of a p a r t i c u i a r  ground f a c i i i t y  to fulf i i l  t h e  expressed in t en t  of t h e  
relevant research tasks.  
The d a t a  presented allows a d i r e c t  canparison o f  t h e  research po ten t i a l  of a 
p a r t i c u l a r  nev gro*;nd f a c i l i t y  v i t h  ex i s t ing  ground f a c i l i t i e s  of  t h e  same c l a s s  i n  
a consistent set of terms. D-s following new ground f a c i l i t i e s  are b r i e f l y  des- 
cribed snd  t h e i r  c a p a b i l i t i e s  presected ir, t e r n s  of  improvement over ex i s t ing  tepa- 
b i l i t i es  : 
G X O  Polysonic Sas Cynmic Research F a c i l i t y  
CD7 Hypersonic Impulse Gas Dynamic Research F a c i l i t y  
E20 Compound "urbomachinery &gine Research F a c i l i t y  
E9 Dual-Mode R a m j e t  Engine Research F a c i l i t y  
S20 Structures/Fluid Systems Research F a c i l i t y  
A co3parison of f a c i l i t y  capab i l i t y  t o  a t t a i n  research goals f o r  each oI;er- 
a t i o n a l  systen is presented on both a c h a r a c t e r i s t i c  and focused basis. 
i s  a quantified measure of  t h e  individual f a c i l i t y  potell t ial  t o  provide a high 
confidence base f o r  development o f  operat ional  systems. 
The result 
7.1 COMPARISON OF NEW GROURD FACILITIES WITH MISTING P-4CILITIES 
Principal  Sesign cha rac t e r i s t i c s  are ?resented for  t h e  f i v e  selected new ground 
f a c i l i t i e s  and compared t o  ex i s t ing  f a c i l i t i e s  capabi:.l;ies. 
on t h e  b a s i s  of basic  c h a r a c t e r i s t i c s  (Reynolds number 
ature, pressure and a i r - f lov ) , s i ze ,  f a c i l i t y  a v a i l a b i l i t y  ( tes t  t i m e ) ,  c o s t s ,  and 
research po ten t i a l .  
and are expressed i n  terns Gf r e l a t i v e  improvement rrv-r existi i ig cepabi l i ty .  
7.1.1 POLYSONIC GAS DYNAYIC RESEARCH FACILITY ((3020) - One of t h e  selected new 
ground f a c i l i t i e s  i s  a polysonic intermit tent  blo down wind tunnel which incorpor- 
a t e s  two t e s t  l egs ,  t r i s o n i c  (Mach . 5  t o  5.0) and hyp? .sonic (Mach 4.5 t o  8 . 5 ) .  
The tes t  sect ion s i ze  fo r  each l e g  is considerably hri:er than cu r ren t ly  avai lable  
i n  exis t ing f a c i l i t i e s ,  end run time is ccmparabll=. 
number/Mach number envelope are compared i n  Figure 7-1 along v i t h  operating cos t s ,  
geometric characterist:cs, and an isometric viev 02 t.he f a c i l i t y  layout.  
Comparisons are made 
Mach number, t o t a l  temper- 
Facj l i  t y  Research Values are pre:.ented on a c h a r a c t e r i s t i c  basis 
S?ecific d e t a i l s  of t h e  Reynolds 
Figure 7-2 i l l u s t r a t e s  t h e  incremental improvement i n  F a c i l i t y  Research Values 
a t ta ined by t h e  use of GD20 f o r  dach of t h e  o p e r a t i c n d  systems. 
f l e c t  res-arcn relative t o  t h e  requireme3ts f o r  eacl operational system. For t h e  
comparison, g rea t e r  confidence i n  f a c i l i t y  capab i l i t y  t c  Derform t h e  required re- 
search is  general'-i indicated by increased absolute values f o r  research po ten t i a l .  
Values shown re- 
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FIGURE 7-1 
POLYSONIC 6AS DYNAMICS RESEARCH FACILITY 
I 
Facility Carparisms 
GD20 Average Facility Reseimh Valm Ilrrporeamt Over Existiw Flcilita 
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FIGURE 7-2 
VERSATILE NEW GAS DYNAUIC FACILITY INCREASES HYPERSONIC 
RESEARCH POTENTIAL 
GD20 Rawe = Y 0.5 to 85 
m 
Military 
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Relative improvement is a Arnction of both new capab i l i t y  and ex i s t ing  l eve l s .  
(1) higher  confidence i n  e x i s t i n g  f a c i l i t y  c a p a b i l i t i e s  t o  per- 
For exanrple, a grea te r  relative improvement is shovn for Research Tasks r e l a t e d  t o  
L2 and E. 
two major fac tors :  
form aerodynamic research t o  Mach 6 and (2) operat ional  vehicle  (Ml and C1) high 
speed requirements l e s s  than the  full p o t e n t i a l  ava i lab le  i n  the  nev polysonic 
tunnel, with its Mach 8.5 capabi l i ty .  The lower confidence l e v e l s  r e su l t i ng  from 
generally decreased ex i s t ing  f a c i l i t y  capabi l i ty  (to cover the  e n t i r e  Mach number 
range) f o r  M2 and L2, coupled w i t h  t he  increased capabi l i ty  provided by G E O ,  are 
r e f l ec t ed  i n  the attainment of  a larger relative improvement f o r  t he  
vehicles ,  as i l l u s t r a t e d  i n  the  b a r  chart. 
development from a perfomance, s t a b i l i t y  and cont ro l  s tandpoint ;  propulsion system 
in tegra t ion ;  shock interact ion/f low f i e l d  d e f i n i t i o n  throughout t h e  appl icable  f l i g h t  
regime; and buf fe t  onset f o r  p a r t i c u l a r  vehic le  configurat ions.  
The s l i g h t l y  lower improvement shown f o r  C1 and Ml-related t a sks  r e f l e c t s  
and L2 
!Pypical use of the GD20 ? a c i l i t y  is  d i rec ted  toward aerodynamic ccnfigurat ion 
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7.1.2 HYPERSONIC IMPUISZ GAS DYNAMIC RESEARCH FACILITY (GD7) - The second new wind 
tunnel f a c i l i t y  is  a gas p is ton  impulse t ime1 w i t h  two test legs  and an addi t ive  
operat ional  range from Mach 8 t o  13. Run can .-each four seconds, a rd  t t e  test 
sec t ion  i s  subs t an t i a l ly  l a r g e r  t h m  those ex i s t ing  i n  comparable ex i s t ing  wind 
tunnel f a c i l i t i e s .  
b i l i t i e s  i n  Figure 7-3, which a lso  t abula tes  fundamental size and cos t  data. A 
three-dimensional i l l u s t r a t i o n  of t h e  f a c i l i t y  is included. 
The operating p r o f i l e  i s  compared with ex i s t ing  f a c i l i t y  capa- 
FIGURE 7-3 
HYPERSOMC MPULSE GAS DYNAMIC RESEARCH FACILITY 
Id 
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The overa l l  capabi l i ty  provided allows extension of cha rac t e r i s t i c  aerodynan;ic 
configuration dev2lopment w e l l  i n t o  t h e  hypersonic range. 
flow f i e l d  de f in i t i on  and shock wave in t e rac t ion  phenomena as wel l  as incorporation 
of performance, s t a b i i i t y ,  and corltrol data.  Additional use may be gained i n  the  
examination of i n l e t  loca t ion ,  hypersonic boundary layer  t r a n s i t i o n ,  and inves t i -  
gat ion of w a l i n g  l a w s  f o r  hypersonic f l i g h t .  
Typical s tud ie s  include 
me GD7 f a c i l i t y  operat ional  range is higher than t h e  m a x i m m  speed require-  
ments of e i t h e r  t h e  Ml o r  C1 operat ional  vehicles .  
f a c i l i t y  is  l imi ted  t o  Operational Vehicles L2 and M2. 
new f a c i l i t y  provides t h e  same absolute  increment i n  research value. 
i n g  c a p a b i l i t i e s  a r e  used as a basis f o r  comjxrison i n  Figure 7-4, t h e  r e l a t i v e  
improvement of 1.3, as appl ied t o  t h e  L2 vehicle ,  i s  less than t h a t  fo r  t h e  opera- 
t i o n a l  vehicle  M2 (with a r e l a t i v e  value of 1 . 4 ) .  
adaptation of f a c i l i t y  parametric capab i l i t y  (a.g., Mach number) t o  operat ional  
system requirements. 
Therefore, appl ica t ion  of  t h a t  
Fcr each of t h e  latter, t h e  
Because ex i s t -  
The evaluation pr imari ly  r e f l e c t s  
FIGURE 7-4 
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7.1.3 COMPOUND TURBOMACHINERY EAGINE RESEARCH FACILITY (E201 - An a t t r a c t i v e  new 
enrzinc t e s t  f a c i l i t y  has been designed and ccmpared with bc%F existing slid planned 
t w b i n e  e x i n e  test  f a c i l i t i e s ,  i n  terms of fu l f i l lmen t  of required research goals 
for the  operat ional  vehicles .  
i n  terms of air flow and t r u e  temperature simil i tude.  
sketch of t h e  f a c i l i t y ,  both d i r e c t  comect  and f r e e  j e t  l egs  are included, with 
Mach number simulation from . 3  t o  5.5. 
Figure 7-5 depicts  t h e  f a c i l i t y  operating envelope 
As shown in t h e  accompanying 
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FIGURE 7-5 
COMPOUND TURBOMACHINERY ENGINE RESEARCH FACILITY 
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The f a c i l i t y  provides a capabi l i ty  t o  perform extensi-re high-mass-flow, full-  
s ca l e  turboramjet research with a ccntinuous run capability i n  an equivalent Xach 5 
environment at f l i g h t  dynamic pressures (2000 psf ,  9.6 N/cm2). I n  addi t ion,  t r u e  
temperature s t r u c t u r a l  and thermodynamic :esting can be accomplished i n  an oxidizinp 
environment. Reduced tes t  sect ion s ize  at high flow r a t e s  and pressures e n s t l e  
simulation of up t o  Mach 1 .2  a t  sea l e v e l  conditions. As a r e s u l t ,  incorporation 
of t h i s  f a c i l i t y  i n t o  t h e  research inventory provides a signlficaI:% increase i n  
research p o t e n t i a l  Tor t h e  operat ional  vehicles.  
Figure 7-6 i l l u s t r a t e s  t h e  improvement i n  research po ten t i a l  c:. both an absolut-. 
and r e l a t i v e  sca l e  f o r  each operational vehicle. Prfncipal contribution c n  an  
absolute bas i s  i s  real ized f o r  research appl i  i b l e  t o  developnent of t h e  Mach 2.5 
and Elsch 5 turboramjet engines through near conventionai PFRT and MOT r a t in7s .  
bulk of t h e  capabi l i ty  f o r  nesearch aDplicable t o  t h e  higher Mach number vehicles 
involves s t ruc tu res ,  mater ia ls ,  and cmtrcrls deve lopent  ~p t o  about 2500°R (1384'Y.). 
Since L2 incorporates both a t u rbo je t  and subsonic combustior, ramjet (convert ible  
scramjet) 
f a c i l i t y  capabi l i ty  (ME& 5 . 5 ) .  
Thy 
some engine research po ten t i a l  can be r ea l i zed  up +,c, %he l i m i t s  of 
FIGURE 7-6 
NEW TURBINE/RAMJET ENGINE TEST FACILITY IMPROVES RESEARCH 
CAPABILITY ACROSS OPERATIONAL SPECTRUM 
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7.1.4 DUAL MODE RAMJET ENGINE RESEXRCH FACILITY (E91 - Airbreathing propulsion re- 
search into the hypersonic f l ight  regime requires a significant extension of current 
fac i l i ty  capability i n  terns of true temperature capability at Mgh Mach number and 
relatively large s ize .  The E9 engine research fac i l i ty ,  illustrated i n  Figure 7-7, 
represents a breakthrough in heated fac i l i ty  capability by permitting low-cost 
FIGURE 7-7 
DUAL MODE RAMJET ENGINE RESEARCH FACILITY 
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operation with an intermit tent  clean air  capabi l i ty  t o  a t r u e  temperature of 4500OR 
( 2 5 O O O K ) .  
(3889°K) i s  Elso available.  The principal  hprovements over ex is t ing  f a c i l i t i e s  
are:  (1) t h e  grea t ly  iccreased m o d e l  s ize ;  (2) duplicat ion of  f l i g h t  conditions 
from Mach 3 t o  Mach 10; (3) a v a i l a b i l i t y  of 20% f r e e  oxygen for  combustion; and 
( 4 )  a new concept ir: heating using a carbon combustion process f o r  inexpensive 
operation and l e s s  than 4% water vapor i n  the  v i t i a t e d  stream. 
use of an aerodynamic nozzle allows non-true temperature t e s t i n g  t o  Mach 12. 
A continuous run capabi l i ty  w i t h  v i t i a t e d  (but combustible) air t o  7000°R 
In  addi t ion,  t he  
Although designed primarily for scramjet engine research at representat ive 
f l i g h t  conditions , t he  E9 f a c i l i t y  provides an excel lent  capabi l i ty  t o  enable low- 
cost  PFRT and MQT of a hypersonic ramjet engine module. 
capabi l i ty  t o  perform hypersonic aerothermodynamic resesrch,  thermal protection 
systems evaluation and basic mater ia ls  research/s t ruc tura l  t e s t s  i n  a r e a l i s t i c  
f l i g h t  environment. 
a t iona l  vehicles. 
age of the  upper end of the C1 and M l  aerothermal and ramjet propuision mcde research 
requirements. 
i n  term of Research Value f o r  t h e  specif 'c kinds of research relevant t o  each oper- 
%her a3vantages include a 
Fac i l i t y  appl icat ion i s  not r e s t r i c t e d  t o  the  M2 and L2 oper- 
The lower f a c i l i t y  l imi t  i s  Mach 3, which enables thorough cover- 
Inspection of F i g w e  7-8 reveals  about the same absolute casab i l i t y  
FIGURE 7-8 
NEW RAMJET ENGINE TEST FACILITY SHOWS DOMINANT IMPROVEMENT FOR 
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t t i ona l  system. ks might be ant ic ipated,  a s l i g h t l y  higher absolute value cf re- 
search po ten t i a l  is noted f o r  t h e  C 1  and M1 opera t ima1 sys tem.  
'ndicatior! of t h e  matching of t h e  vehicle Yach range with f a c i l i t y  c a p a b i l i t i e s ,  
e-3 is e-ren more dranat ical ly  e q l a i n e d  by a comparison of  t h e  research rc ter t ia l  cf 
ex:sting f a c i l i t i e s .  
+.he !.2 and 2 vehicles. The la t ter  point becomes evident when comptirine: f a c i l i t y  
environments1 e re lore  v i t h  vehicle  environmental envelope. 
research v d u e s  obtained by comparing new f a c i l l t y  c a p a b i l i t i e s  with e x i s t i w  values 
denotes t h e  extent of ex i s t ing  f a c i l i t y  shortcomings f o r  research involving hyper- 
sonic s i r b r e a t h i r g  gropalsion. 
Again, t h i s  is nn 
A comparable absolute value cf rcsezc!: pcter?tia,l ex l s t c  f r r  
The high relative 
7.1.5 
represents an integrat ion of t h e  rajor s t a t i c  research c a p a b i l i t i e s  i n t o  a s inq le  
IFI'EXUFZij Si'i?iXTiZXS/F7GX3 SYs'I'lWj R F X A R C H  FACILITY S2r) - The S20 f a c i l i t y  
conclex. These consis t  of :  
s t r u c t u r a l  s t a t i c  tes t  f a c i l i t y  w f t h  thermal, acoust ic ,  and a l t i t u d e  simulation cap- 
a b i l i t i e s ;  kazardous f u e l s  test area vith thermal and cryogenic capabilities; and a 
dynamic slosh/acceleration t r a c k  for large-scale cryogenic tankage. 
T h e e  are t h r e e  indepenrient f a c i l i t i e s  i n  one location. 
The structinsl f a c i l i t y  is l a r g e  enough t o  enable Pall-scale research o f  naJor 
s t r u c t u r a l  assemblies v i t h  combiaed mechu,ies/thernal loads,  and simulaticn of alti- 
tude and acoust ical  environmeats t o  a l l o v  ic-depth examination of s iqn i f i can t  inter-  
actions. 
t o  sustained acceleration and v i3 ra t ion  s imil i tude throughout t h e  operating envel- 
cpe. Hstarc?ous testing, such as research i n t o  regenerative hy+cqcr! h.ts_+ exchsnp;e 
and rapid servicing techniques, can a l s o  be acconmodattd within t h e  conipler i l l is-  
:rated i n  Figure 7-9. Representative c a p a b i l i t i e s  of e x i s t i a g  facil i t ies are gre- 
sented i n  tabular form f o r  cmFarison with t h e  ?srametric rame of  values shcvn for 
s a .  
"he slosh test t r a c k  w i l l  subject r ea l i s t i ca l ly - s i zed  tank configurations 
" x i l i t y  3esearch '&he increases markedly f o r  S20, as shown i n  F i w r e  7-l0,and 
is influenced by two factors .  
capabi1lt:r is applicable. 
Eesearch 'b lue is noticeably low relative t o  other operational sps tcs .  
!42 a l l  employ cryogenic hydrogen. Since the  primary activity acccmplished i n  t h e  
f a c i l i t y  is st ructures ,  thermal proteztion, and sibsystems research, t h e  absolute 
Laz i i i t y  Kesearch V a h e  can be in t e rp re t ed  as representat ive of t h e  d i f f i x l t y  of  
accmplishing t h e  research as it appl ies  t o  a given operational system. The in- 
crease i n  research po ten t i a l  r e l a t i v e  t o  ex i s t ing  f a c i l i t i e s  is s l i g h t l y  greater f o r  
the higher Mach number system, reflecting the  Increased rnfluence of t h e  thermal 
simulation capabili ty.  
The dominant influence is whether or not t h e  cryopenic 
Since Y l  is a storable hydrocerbm system, t h e  F a c i l i t y  
L2, C1, and 
7.2 FOCUSED R S E A R C H  WTENTTAL FOR HEM GRCIRJD FACILITIIS 
Improvements i n  research potent ia l  over existing facil i t ies have been iaent i fLeJ 
in t e x z  cf k t h  c h s t a p t e r i s t i c  a d  focused f a c i l i t y  research values. 
senteu i n  Section 7.1 is an assassment of t h e  research poten2ial  of  each of t h e  new 
f a c i l i t i e s  i n  t h e  manner i n  w h  
cha rac t e r i s t i c  of ac tua l  f a c i l i t y  potentip' 
mesns by which t h e  spec i f i c  performanc - 'I) i l i t y  can be quant i f ied i n  t e r n s  
indicat ive of how w e l l  spec i f i c  f a s '  . lay be satisfied, a t t e n t i o n  was focused 
on those spez i f i c  tasks which dm 
of a new research h c i l i t y .  "he L- . :  : ~ = ~ c h  Tasks w e r e  screened according t o  their 
The f!a%a pre- 
t h e  f a c i l i t y  would be  used - i n  a r o l e  vhich is  
";-:e it is a lso  des i r ab le  t o  have a 
equirement for design and construction 
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FIGURE 7-9 
INTEGRATED STRUCTURES!FLUI) SYSTEMS RESEARCH FACILITY 
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defined techno?qgy area and f a c i l i t y  appl ica t ion  as determined i n  the  ana lys i s  of 
f a c i l i t y  capab i l i t y  and test methods described in Sections 4 and 5. 
presented i n  Figure 7-11 to i l l u s t r a t e ,  by f a c i l i t y ,  t h e  numbers @f fncuRed and char- 
, c t e r i s t i c  t a s k s  and the i r  dis t rY3it ion by technology category. 
explained inrmediately to t h e  rig% nf +.he matrix,  i.e., t h e  upper l e f t  port ion of 
each box defines how uany focused t a sks  e x i s t  fo r  each f a c i l i t y  i n  a t echnica l  area; 
A matrix i s  
The coding used is  
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FIGURE 7-11 
IDENTIFICATION OF FOCUSED RESEARCH REQUIREMEW'S 
t h e  lover  r i g h t  port ion defines how many c h a r a c t e r i s t i c  t a s k s  From each technical  
area can be performed ( i n  whole o r  i n  p a r t )  i n  each ground facil i ty.  The h e a v i l j  
shaded boxes i n  t h e  matrix denote primary contr ibut ion,  r e f l e c t i n g  t h e  matching cf 
each technology area with p a r t i c u l a r  f a c i l i t y  capab i l i t i e s .  Lightly shaded boxes 
denote those areas where f a c i l i t i e s  provide research capab i l i t y ,  but do not predom- 
i n a t e  t h e  f a c i l i t y  design requirement. 
overlap i n  f a c i l i t y  capab i l i t y  e x i s t s  f9r tm o r  more ground facilities. 
contribution of a f a c i l i t y  f o r  each Research Task is tabulated i n  t h e  Appendix, and 
a l l  focused t a s k s  are i d e n t i f i e d  as they apply t o  each new Vound f a c i l i t y .  
There are several areas where considerable 
Specif ic  
For t h z  gas dynamic f a c i l i t i e s  , duplication of focused t a sk  i d e n t i f i c a t i o n  
cxfsts 5: z&riy c t z e s .  
R sornewhat addi t ive contribution by f u i f i i h - n t  of s p e c i f i c  portions of t h e  Research 
Task. The r e s u l t s  of  t h e  focused reLearch cJmparison f o r  gas dynamic f a c i l i t i e s  are 
i l i u s t r a t e d  i n  Figure 7-12. 
re la t ionship between t h e  tzsks , f a c i l i t i e s ,  and oF,erat ional  vehicles .  
operates i n  an equivalent f l i g h t  r e g b e  beyond t h e  C 1  and M 1  envelope, i t s  evaluation 
has been l imited t o  L2 and M2. I n  a l l  cases, t h e  ground f a c i l i t i e s  (and combina- 
t i o n s  where  applicable) provide a marked increase over existing f a c i l i t i e s  of t h a t  
save research c l a s s .  of t h e  research applicable t o  each 
f a c i l i t j  r e f l e c t s  the requirement f o r  addi t ional  facil i t ies (e .g . ,  simulators f o r  
handling q u a l i t i e s  o r  t r u e  temperature capab i l i t y  f o r  t h e m a l  confidence l e v e l )  
due t o  the  broadness of t a s k  desc r imion .  
Because of t h e  general  t a sk  de f in i t i on ,  GD7 and GD20 provide 
Research p o t e n t h l  i s  identifiTd as a function of t he  
Since GD7 
The u n f u l f i l l e d  port ion 
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FIGURE 7-12 
FOCUSED RESEARCH VALUES SHOI A NEED 
FOR A GAS OYWAylC FACILITY MIX AT HIGHER SPEEDS 
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Focused research capabi l i ty  f o r  t h e  engine test f a c i l i t i e s  i s  i l l u s t r a t e d  in 
Figure 7-13, on a comparable bas i s  with ex i s t ing  f a c i l i t y  capabi l i ty  t o  provide a 
uniform degree of environmental s imi l i tude .  
turbomachinery research f a c i l i t y  near ly  doubles existing capabi l i ty  f o r  C1 and M l  
turboraqjet  engine development. E20 a l s o  provides some capabi l i ty  f o r  subssnic 
combustion ramjP t  and component development work appl icable  t o  t h e  L2 and M2 
vehicles ,  but E3 allows near ly  fi l l1 development of a scramjet propulsion module, 
yielding high research po ten t i a l  on a focused basis. 
For focused research t h e  E20 compound 
Focvsed research capabi l i ty  f o r  in tegra ted  s t r u c t u r a l / f l u i d  systems research 
is  i l l u s t r a t e d  i n  Figure 7-14 f o r  each of t h e  operat ional  vehicles .  
search appl icable  i s  subs t an t i a l ly  reduced f o r  t h e  non-cryogenic system (Operational 
System Ml) because of t h e  non-applicabili ty of t h e  cryogenic capabi l i ty  ex i s t ing  i n  
S20. The capabi l i ty  f o r  s t r u c t u r a l ,  acoust ic ,  thermal environment, and a l t i t u d e  
simulation enables a substant i  al increase over ex i s t ing  F a c i l i t y  Research Values 
f o r  t he  M1 vehicle. 
vehicle  and is  complemented by t h e  addi t ion of cryogenic systems research po ten t i a l .  
Although t h e  S20 f a c i l i t y  capab i l i t y  does not change, a s l i g h t  reduction i n  r e l a t i v e  
value (with resFect t o  C 1 )  i s  sho-m f o r  t h e  M2 and L2 vehicles. This r e l a t i v e  reduc- 
t i o n  r e s u l t s  f r Q m  decreased s i z e  s imi l i tude  and environmental envelope appl icable  
t o  the  l a rge r ,  highertemperature  M2 vehicle ,  and even l a r g e r  L2 vehicle. 
The t o t a l  re- 
This researck p o t e n t i a l  improvement a l s o  appl ies  t o  the  C1 
When making m y  of t h e  noted comparisons it i s  necessary t o  r e t a i n  a proper 
perspective of f a c i l i t y  capabi l i ty  and operat ional  system requirements. 
t ive capab i l i t i e s  i l l u s t r a t e d  i n  t h e  bar  char t s  are indica t ive  of how well  t h e  f a c i l -  
i t ies can f u l f i l l  t h e  research requirements and simulate t h e  ove ra l l  opere-tional 
environment required f o r  each operat ional  vehic le  on a basis r e l a t i v e  t o  t h a t  
vehicle. 
The r e l a -  
7.3 GROUND FACILI!FY SlJMMARY 
Ground f a c i l i t i e s  were designed t o  provide 2 s imi l i tude  of f l i g h t  parameters 
i n  each spec i f i c  f i e l d  of enaeavor, as noted I n  the  shaded port ions of t h e  matrix 
shown i n  Figure 7-11. 
ground f a c i l i t y ,  without imps;ng excessive cos t  burdens o r  development r i s k  f.or 
t h e  f a c i l i t y  i t s e l i .  
The design goals empkasize attainment of simulation i n  each 
The major flow f a c i l i t i e s  were designed t o  provide mass flow ( t r u e  temperature 
clean air  f o r  e i n e  research)  within t h e  dynamic p iessure  range, 200 t o  2000 psf 
vehicle  f l i g h t  p r o f i l e .  Model scaling,and hence, test sec t ion  s i z e  were se lec ted  
t o  provide meaningful da ta  re turn ,  up t e  one-fifth t h e  fu l l - s ca l e  f l i g h t  Reyriolds 
number, as indicated by t h e  envelope shcwn i n  t h e  f a c i l i t y  comparisons presented 
earlier (Figures 7-1 and 7-3). 
accomodate fu l l - sca le  major s t r u c t u r a l  elements; provide a l t i t u d e ,  thermal, and 
acoust ic  simulation f o r  those elements; incorporate  a capabi l i ty  t o  perform combined 
heating and cryogenic flow t e s t i n g  (e.g., regenerat ive heat exchangers) on a l a rge  
sca l e ;  and provide a capacity f o r  large-scale cryogeLic tankage t e s t i n g  i n  a hori-  
zontal  pos i t ion  and dynamic environment. 
(.95 t o  9.5 N/cm Y ), and Mach range, 0-12, which nca ina l ly  bound t h e  Gperational 
"he in tegra ted  s t ruc tu res  f a c i l i t y  was sized t o  
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FIGURE 7-13 
FOCUSED FACILITY RESEARCH VALUES FOR ENGINE TEST FACILITIES 
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FIGURE 7-14 
CONCEPTUAL STRUCTURAL TEST FACILITY IS 
HIGHLY EFFECTIVE FOR FOCUSED RESEARCH TASKS 
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Figure 7-15 i l lustrates  t h e  aerodynamic flow f a c i l i t y  capab i l i t y  f o r  CD7 ana 
GD20 i n  r e l a t i o n  t o  t h e  operat ianal  vehicle  f l i g h t  p r o f i l e s .  
sonic l e g  of  GD20 extends from Mach . 3  t o  5, while t h e  hypersonic leg covers t h e  
range from Mach 4.5 t o  8.5. GD7 picks up t h e  high end of t h e  hypersocic range, 
from Mach 8 t o  13. 
pressure ranges noted above. The aerodynamic f a c i l i t i e s  a t t a i n  peak Reynolds number 
capabi l i ty  with cold flow. 
t e s t  sect ion.  Reseerch values,  i na i ca t ive  of f a c i l i t y  c a p a b i l i t i e s ,  are presented 
i n  tabular form f o r  each operational vehicle.  The values a r e  preser;ted on a chara- 
c t e r i s t i c  b a s i s  and compared with research values f o r  ex i s t ing  f a c i l i t i e s  of t h e  
same class .  Each of t hese  are referenced t o  t h e  value considered a t t a i n a b l e  i n  an 
i d e a l  ground f a c i l i t y  f o r  a s p e c i f i c  set of Research Tasks as they apply t o  each 
operational vehicle.  
vehicle requirements t h a t  GD7 c a p a b i l i t i e s  are not appl icable  t o  M 1  and C1. It i.s 
also evident t h t i  addi-,ive capab i l i t y  e x i s t s  fc- t h e  L2 and M2 vehicles .  Examina- 
t i o n  of t h e  s p e c i f i c  tasks involved i n  performing t h e  research reveals t h e  need fo r  
an assessment of combined GD7/GD20 f a c i l i t y  p o t e n t i a l ,  s ince  d i f f e r e n t  portions of 
t hese  Research Tasks are aypropriately perfomed i n  d i f f e r e n t  f a c i l i t i e s .  
ment of t h e  combined value is  presented on a focused research basis i n  Figure 7-12. 
The transonir/super- 
Both f a c i l i t i e s  operate within t h e  Reynolds number and dynamic 
Suf f i c i en t  heat i s  added t o  avoid l iquefact ion i n  t h e  
It i s  obvious from a comparison of f a c i l i t y  and operat ional  
An assess- 
The new engine test f a c i l i t i e s  a l s o  provide extensive coverage of t h e  define$ 
opeiat ional  vehicle  p r o f i l e s ,  but have an increased dimension of heat  addi t ion,  
enabling t e s t i n g  with true temperature flow conditions as noted i n  Figure 7-16. 
The in t eg ra t ed  turbomachinery/ramjet f a c i l i t y ,  E20, is capable of true t e n y e r a t u e  
t e s t i n g  with clean air a t  a mass flow rate up t o  1000 lb / sec  (454 kg/sec) on a 
continuous flow basis t o  Mach 5 (equivalent t o  2500°R, 1389OK). 
capabi l i ty  t o  provide ground PFRT/MQT up t o  Mach 5 f o r  LH2 fueled turboramjet 
engines i n  t h e  100,000 l b  (45,4C9 kg) thrust c l a s s .  
continuous clean a i r  capab i l i t y  a t  an a i r  flo-J rate of 600 lb/sec (272kg/sec), 
sLbsoiii: cr;zi.ue.:ion rauijet testing t o  neer Mach 4 ( t a p e r a t u r e s  t c  15OOcP. ,  8 3 3 O K ) ,  
ma i n t e rmi t t en t  clean air tests t o  t h e  Mach 7 range (temperatures t o  4500°R, 2500OK). 
Vitiated tests can be accomplished with representat ive gas c h e r a c t e r i s t i c s  and t r u e  
temperature capab i l i t y  t o  7000°R (3889OK), o r  near Mach 10. An aero3ynamic nozzle 
allows extension of capabi l i ty  t o  near Mach 12,  but sacrifice:  t o t a l  temperature 
capabi l i ty  i n  t h e  range between Mach 10 ana %ck 12. 
"his I s  s u f f i c i e n t  
The ramjet f a c i l i t y ,  E9, al lovs 
Research values fo r  t h e  engine test facj.l'.tica are tabulated on a character is-  
t i c  bas i s  and compared with e x i s t i c g  faci?.i+,:; . a F a b i l i t i ? s .  
enter i n t o  t h e  evaluation include a larF.2 ~ 1 ~ i " h r  of t e s t s  involving high-temperature 
component and basic  materials research. i s  a r e s - i l t ,  c apab i l i t y  f igu res  are f a i r l y  
representat ive of  f a c i l i t y  Mach number c - ~ i  t cqera twe Capability relative t o  re- 
quirements f o r  t h e  operational vehicle.  -he foccsed research value coxr.parisons pre- 
s e r t ed  i n  Figure 7-13 provide in s igh t  i n t o  t h e  f a c i l i t y  capab i l i t y  For researcl  i n t o  
t h e  propulsicn concepts applicable t o  t h o  operat ional  vehicles .  
The Research Tasks  which 
The integrated s t r u c t u r e s / f l u i d  systems research f a c i l i t y  provides a broad 
scope o f  research p o t e n t i a l  by v i r t u e  of i ts  incorporation of many s t a t i c  and dynamic 
environmental simulation c a p a b i l i t i e s .  
t o  a t t a i n  t h e  c h a r a c t e r i s t i c  values presented i n  Figure 7-17. 
ness of t h e  research, t h e  percent accomplished i s  ind ica t ive  of t h e  matching of 
f a c i l i t y  capab i l i t y  with f i i g h t  vehicle  research requirements. Absolute values f o r  
M l  a r e  reduced, r e f l e c t i n g  t h e  elimination of cryogenic research requirements. 
However, capab i l i t y  f o r  attainment of Ml research goals on a b a s i s  r e l a t i v e  t o  i t s  
needs is equivalent t o  t h a t  f o r  t h e  other  opei'ational vehicles .  
M a n y  of these  can be produced simultaneously 
Because of t h e  broad- 
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FIGURE 7-16 
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8. INTERPRETATION OF RESEARCH POTENTIAL RE3LE.E 
In a pth- f ind ing  study of t h i s  kind, i n t e rp re t a t ion  of t h e  r e s u l t s  is 
es3eciallj- importat. !i"he in t en t  of t h i s  sect ion is t o  relate t h e  study r e s u l t s  
t o  the p-iuaxx Cuestior of what research f a c i l i t i e s  are necessary for the extension 
of U. S. eperat ional  capaki l i ty  i n t o  t h e  hypersonic f l i g h t  regime. 
Effectiveness of candidate hypersonic research f a c i l i t i e s  is defined i n  t h i s  
study as research potent ie l .  
Fac i l i ty  Research Value, is a non-dimensional parameter r e f l e c t i n g  the capab i l i t y  
of each r e s e v c h  f a c i l i t y  t o  accomplish fundamental Research Tasks. 
Research V a l x s  have been presented f o r  candidate ground f a c i l i t i e s  and f l i g? i t  
research vehicles in t he  previous tvc sect ions.  In t e rp re t a t ioc  of these  stEdy 
results i s  lxsed an t h e i r  app l i cab i l i t y  t o  t h e  real need for nev hypersanic reser rch  
f a c i l i t i e s .  
This effect iveness  measure,expressed i n  terms of 
F a c i l i t y  
In order t o  e s t ab l i sh  t h e  basis for in t e rp re t a t ion  of results, a shor t  dis- 
cussion 01 t he  research requirements survey, conducted during the f irst  phase of 
the  study, i s  presented. '=he r e s u l t s  of t h i s  s - m y  served as t h e  bas ic  input t o  
t h e  ae temina t ion  of the  Fiesearch Task i n t r i u a i c  values. Soae of t h e  infernstion 
gererated by t h i s  *iumey d i r ec t ly  impacts t h e  HYFAC study results. 
Research po ten t i a l  of ca iceptua l  new ground facilities and f l i g h t  vehicles  
is sumarized i x i  th.-.s section. 
i n  t h i s  report. 
i s t i c "  capabi l i ty ,  a easure of the  v e r s a t i l i t y  of a f a c i l i t y  t o  accomplish the 
spectrum of Research Tasks leading t o  an operat ional  system. 'The o ther  bas i c  =ea- 
sure "Focused" Fac i l i t y  Research V a l u e  is presented t c  illustrate t h e  p o t e n t i a l  of 
ne< f a c i l i t i e s  i n  areas of research for which they are primari ly  designed. 
"wo bas ic  measures of research values are presented 
One measure of F a c i l i t y  Research Value is base3 on t h e  "chGacter- 
An i l l u s t r a t i o n  of t he  u t i l i t y  of the EIYFAC study results i s  presented i n  t h e  
form of a typ ica l  high-priority research program f o r  t h e  development of a scramjet 
engine and in tcgra t ioa  i n t o  an airframe. Thls example research program is used as 
t he  f r a w o r k  f o r  discussion both of methods of accomplishing Research Tasks and 
of t h e  cost of a rekresentat ive research program. 
Since t h e  r e s e r c h  po ten t i a l  of new ground f a c i l i t i e s  and f l i g h t  vehicles  
has been determined by consieteot evaliiation techniques, some comparisons of :he 
research poten t ia l  and acquis i t ion cos ts  of tnt c n d i  date f l ight  reh ic les  and 
t yp ica l  ground f a c i l i t y  mixes can be m a d e .  
Two surveys were conducted during Phase I regarding t h e  d e f i n i t i o n  and evalu- 
IC t h e  i n i t i a l  survey, a proposed l i s t  of 84 objec- a t ion  of Research Objectives. 
t i v e s  vas submitted t o  XASA, m i l i t a r y ,  and industry specialists i n  hypersonic systems 
technology. 
t h a t  t he  research involved i n  a t t a i n i c g  each objec t ive  was e s s e n t i a l ,  deArable, or 
unnecessaly i n  coniributing t o  a po ten t i a l  m e r s o n i c  aircraft program. 
t h e  par t ic ipants  were inv i ted  t o  l ist  any addi t iona l  ob jec t ives  vhich they felt  
s::auld be included i n  a canprctonsise statement of t h e  necessary research f o r  such 
a Frcgam and tc -dimit suggested modifications t o  the i den t i f i ed  obJectives. 
The technical  s p e c i a l i s t s  were asked t o  ind ica t e  whether they fe l t  
In addi t ion ,  
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Approximately three-fourths of the  or ig ina l  l ist of 84 objectives were c lear ly  
piaceci i n t o  one of t he  t h e e  categories by tiic 35 evaluators resp3pding t o  t h i s  
i n i t i a l  survey. 
+,he par t ic ipants  t o  be unnecessary, some of those receiving a s igni f icant  cunber of 
unnecessery" votes were leter deleted rrcm t h e  list or incliideci vithin other uL- 
ject ives .  These modifications w e r e  combined v i t h  many of t h e  addi t ional  Research 
Objectives suggested by the  survey par t ic ipants  t o  produce the  l i s t  of 102 objec- 
t i v e s  presented i n  Volume 11, Part 1. 
Although none of t he  objectives was considered by e majority of 
11 
The second survey involved a paired-comparison analysis  of these 102 Research 
Objectives, designed t o  provide data based on expert opinion f o r  de teming  t h e  rela- 
t i v e  importance of the objectives i n  contr ibut ing t o  a hypersonic research program. 
The methodology involved and the  values which resu l ted  are contained i n  Section 5 
of t h i s  volume, as w e l l  as i n  Volumes I1 and 111. Also included i n  t h i s  s'xrvey was 
an assessment of t h e  relative veightings t o  be assigned t o  t h e  s i x  technological 
areas i n t o  which t h e  various objectives w e r e  divided. 
which resu l ted  is i l lustrated i n  Pigme 8-1. These six technological areas were 
selected t o  provide a convenient grouping for i den t i f i ca t ion  of spec ia l ty  areas. 
Hovever, due t o  t h e  inherent overlapping and in te rac t ion  of technologies when 
considering an a i r c r a f t  configuration, many of t h e  stated Research Objectives v i t h i n  
a techniczl  area encumpassed a much broader area than indicated by t h e  category t i t l e .  
P&.rthc--xxe, t he  survey pa r t i c ipu i t s  ueighted t h e  two e v a l u a t i m  c r i t e r i a  which s e r e  
used in comparing the  various ohject ives  with one another, and the resu l t ing  dis- 
t r i bu t ion  is as follaus: 
The composite d i s t r ibu t ion  
Evaluation Cri ter ion Relative Weigkt ing  
A. Technology Advancement 60.7:: 
B. Cost and Schedule 
mAL 
39.3% 
100.0; 
These evaluation c r i t e r i a  are defined as: 
(a) Technolow Advancement - This c r i t e r i o n  can be considered as t h e  extent 
t o  vhich the  Research Objective colltributes t o  the technica l  knowledge required t o  
achieve an operat ional  hypersonic vehicle. This contribution involves: 
o Uniierstanding of fundamental physical  or physiochemical behavior a d  
interact ions.  
o Application of principles  t o  design concepts. 
o Confirmation of adequacy of design or  manufacture. 
o Reduction i n  overdesign penal t ies .  
(b)  C o s t  and Schedule - This c r i t e r i o n  ind ica tes  the extaiit t c  ykich the  
research coc%ributes t o  o b t a h i n g  a sound cost  and schedule basis f o r  achieving 
an operat ianal  hypersonic vehicle. This contribution includes: 
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FIGURE 8-1 
RESEARCH REQUIREMENTS SURVEY 
WEIGHTING OF TECHNOLOGICAL AREAS 
o Establishment of a sound system costing base. 
o Achievement of major time savings r e l a t i v e  t o  system development. 
o Uncovering of design problems tha t  would be cos t ly  and time-consuming t o  
correct  during a system procurement cycle. 
The research requirements survey results show tha t  the technica l  community 
believes that  technology advancement is  s ign i f i can t ly  more important than cost  and 
schedule considerations as the output of applied research programs. 
9.2 FLIGHT V M I C L E  RESEARCH V U  SUMMARY 
Results of the research requirements and f a c i l i t y  capabi l i ty  analysis  are 
summarized i n  t h i s  sect ion f o r  t he  two candidate f l i g h t  research vehicles.  
parameters which describe the  des i r ab i l i t y  of 
vehicles f o r  achieving hypersonic research requirements are: (1) charac t e r i s t i c  
Fac i l i t y  Research Value, (2) foc--sed Fac i l i t y  Research Value, and (3) f a c i l i t y  
acquis i t ion costs.  
The 
hese candidate f l ight research 
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Charac ter i s t ic  and focused research values a re  presented i n  FLgcre 8-3 f o r  the  
Mach 6 and Mach 12 bas ic  f l i g h t  vehicles and f o r  t h e  f l i g h t  vehicle  research options 
vhich are most appropriate f o r  each o p e r a t i c n d  system. In  t h i s  method of summariz- 
ing research po ten t i a l  results, t he  shaded port ion of t h e  bar represents  t h e  F a c i l i t y  
Research V a h e  of t h e  Phase I11 f l i g h t  vehicles  ( i n  conjunction with ex i s t ing  ground 
f a c l l i t i e s ) .  
indicated within t h e  bar by t h e  dot ted l i ne .  The upper l i m i t  of t h e  open bar  repre- 
sen ts  t h e  sum of  the i n t r i n s i c  values of a l l  Re-earch Tasks at feast p a r t i a l l y  applic- 
able t o  f l i g h t  tests appropriate f o r  t h e  pa r t i cu la r  operat ional  system. 
is the  research value goal  or  capabi l i ty  of an ideal f a c i l i t y .  The only t a sks  ex- 
cluded from t h i s  t o t a l ,  i n  addi t ion t o  t h e  Research Tasks which obviously do not 
apply t o  the  operat ional  system, are tasks of an analy t ic  nature  and those appro- 
p r i a t e  only f x ground test 
The research value of all applicable ex i s t ing  ground f a c i l i t i e s  is  
This value 
accomplishment. 
The Mach 12 bas ic  research vehicle  can accomplish, in conjunction w i t h  e x i s t i n g .  
f a c i l i t . i e s ,  from 73% t o  77% of t h e  applicable research fo r  all representat ive opera- 
t i o n a l  systems. This r e l a t i v e l y  consis tent  research p o t e n t i a l  across t h e  spectrum 
of candidate operat ional  hypersonic vehicles  is a result of t h e  Mach 12 research 
vehic le ' s  broad contr ibut ion t o  fundamental hypersonic Research Tasks. A signifi- 
cant increase in F a c i l i t y  Research Value due t o  matching of t h e  research vehicle 's  
propulsion mode with an operat ional  system does not occur. 
Mach 12 vehicle  dupl icates  only t h e  rocket-boost mode  of t h e  M2 operat ional  s y s t e m ,  
and rocket Research Tasks possess r e l a t i v e l y  low i n t r i n s i c  -ralues. 
bas ic  research vehicle ,  by contrast ,shavs a w i d e  variance in research p o t e n t i a l  as 
a function of t h e  degree of simulation of t h e  operat ional  s y s t a ' s  cha rac t e r i s t i c s .  
For instance,  t h e  accomplishment of cha rac t e r i s t i c  Research Tssks var i e s  frcm 69% 
f o r  Operation System M2 end 72% f o r  Operational System L2, f o r  which t h e  Mach 6 
vehicle  fails t o  dupl icate  t h e  higher-speed end of t h e  f l i g h t  regime and t h e  c ru ise  
propulsion system, t o  90% f o r  Operational * s t e m  C1 and 91% f o r  Operational System 
Ml. 
and propulsion system of the f l i g h t  research vehicle  result i n  a near-prot9type of 
t h e  operat ional  systems. 
"his is  because t h e  
The Mach 6 
For Operational Systems C1 and Ml, operating c h a r a c t e r i s t i c s ,  speed capab i l i t y ,  
The research po ten t i a l  of t h e  M a c h  12 vehicle  is considerably enhanced by t h e  
For t h e  recoverable launch system I2, t h e  cumulative e f f e c t  of adding t h e  
vehicle  options which contr ibute  t o  t h e  development L f  a p a r t i c u l a r  operat ional  
system. 
Convertible Scramjet, Staging, and Horizontal Take-off options t o  t h e  Mach 12  
vehicle  is sham i n  Figure 8-2. 
vehicle with a capabi l i ty  t o  achieve 86% of the research value of an 
research vehicle.  
focused b s i s ,  primarily because only t h e  vehicle  options which match t h e  operat ional  
system cha rac t e r i s t i c s  a re  presented. 
These three options provide t h e  Mach 12 research 
These options a l s o  provide a high F a c i l i t y  Research Value on a 
i d e a l  Mach l2 
Mach 12 vehicle  options are presented i n  a similar manner f o r  the scramjet- 
powered Cperational System m. 
Armament, and Horizontal Take-off. The cumulative e f f e c t  of these options on 
F a c i l i t y  Research Value results i n  an increase from 75% of i d e a l  f o r  t h e  basic  
vehicle  t o  90% of the  idea l - f ac i l i t y  value for t h e  options.  
Research Values a re  high s ince  only t h e  options applying t o  t h e  operat iont  
configuration we considered. 
The options which match t h i s  system &re Scramjet, 
Again, focused F a c i l i t y  
system 
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The only Mach 6 option which is appropriate t o  consider i n  t h i s  sumnary i s  t h e  
m!?!ent- option f o r  t h e  military operat icnal  systems. 
t r i b u t i o n  of t h i s  Mach 6 vehicle  option is v e r j  small but i s  matched by the  re la -  
t i v e l y  small increase i n  acquis i t ion  cost  of four  mi l l ion  do l l a r s .  
The research p o t e z t i a l  ccn- 
8.3 GROUND FACILITY RESEARCH VALUE SUWARY 
Research p o t e n t i a l  is su.aar ized fo r  t h e  spectrum of Phase I11 ground research 
f a c i l i t i e s  i n  Figure 8-3. 
vious sec t ion  f o r  the candidate f l i g h t  research vehicles.  
Research Valws describe t h e  p a r t i c u l a r  f a c i l i t y ' s  capabi1it.j t o  accomplish broad 
research c h a r a c t e r i s t i c  of t h e  f a c i l i t y  c l a s s ,  while focused research describes 
each f a c i l i t y ' s  e f fec t iveness  i n  accomplishing Research Tasks which t h e  f a c i l i t y  
would be spec i f i ca l ly  designed t o  accomplish. 
represents  the capabi l i ty  of each f a c i l i t y ,  i n  conjunction with appropriate ex i s t ing  
facilities, while the top  of t h e  bar represents  t h e  research value goal f o r  an i d e a l  
ground f a c i l i t y .  
used t o  d i f f e r e n t i a t e  t h e  f a c i l i t i e s .  This cost  izcludes the  design and development 
cos ts  ard t h e  construct ion costs .  
f a c i l i t y  fran i n i t i a t i o n  of the f a c i l i t y  design u n t i l  NASA acceptance. 
The presentat ion format is  t h e  same as used i n  the  pre- 
Charac te r i s t ic  F a c i l i t y  
The shaiied port ion of each bar 
F a c i l i t y  acquis i t ion  cost  i s  t h e  research f a c i l i t y  cha rac t e r i s t i c  
In other  words, it is  the estimated cost  of a 
It can be seen that  GD7 ( t h e  hypersonic-impulse tunnel  operating from Mach 8 
t o  Mach 13)  does not  contr ibute  t o  the Mach 4.5 and Mach 6 operat ional  systems 
u ~ r ~ r v p b - A u .  Its ckzxracteristic md focused research values are modest even fo r  
t he  higher-speed apera t iona l  systems t o  which it does apply. 
i n  the evaluation of i ts  attractiveness,hawever,  is  its r e l a t i v e l y  low acquis i t ion  
cost .  
.a----i 
An important f a c t o r  
"he new polysonic gas dynamic f a c i l i t y ,  GD20, exhib i t s  considerable research 
po ten t i a l  on both a cha rac t e r i s t i c  and focused basis across the spectrum of repre- 
sen ta t ive  operat ional  systems. It is  t h e  wind tunnel  f a c i l i t y  vhich exh ib i t s  t h e  
broadest appl lcat ion t o  all operat ional  systems, due principcllly t o  its two t e s t  
legs providing test environments from Mach 0.5 t o  Mach 8.5. 
a simulation capabi l i ty  which, when added t o  the complex of ex i s t ing  wind tunnels ,  
can accomplish from 63 t o  81 percent of t h e  cha rac t e r i s t i c  Research Tasks applying 
t o  t h e  representat ive operat ional  systems. On a focused research t a s k  basis,  t h i s  
f a c i l i t y  shows a F a c i l i t y  Research Value range from 67 t o  85 percent of t he  t o t a l  
aF2;icable research. 
This f a c i l i t y  provides 
The E9 engine t e s t  f a c i l i t y  is i den t i f i ed  as a dual-mode ramjet engine research 
test f a c i l i t y ,  with both subsonic an6 supersonic ramjet test capabi l i ty .  
f a c i l i t y  has a broad capabi l i ty  can be seen by reference t o  Figure 8-3 and t h e  
following table. 
That t h i s  
Percent of Accomplishment 
Cnaract e r i  s t i c Focused 
Operational System Research Research 
Taskc Tasks 
L2 
c1 
m 
64 
70 
72 
81 
80 
79 
M2 63 75 
-NRU A#- 
!L6 
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FIGURE 8-3 
GROUND FACILITY RESEARCH VALUE SUMMARY 
Omatianl System K Opmtiaul System C1 
60' / 
OleratioDll System 1 qwntiaol System K 
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The E9 f a  i l i t y  has 'both a c h a r a c t e r i s t i c  and focused research ppl icat ion t o  
a l l  Operational systems. I t s  l a r g e  research value r e s u l t s  from t h e  broad operating 
range of the f a c i l i t y ,  from Mach 3 t o  Mach 12. This wide  o p e r a t i w  range allows 
the  f a c i l i t y  t o  accomplish Research Tasks r e l a t e d  t o  t h e  scramjet, convertible 
:z:-amjei, and t h e  ramjet portion of t h e  turboramjet fiesearch Tasks. Each opera- 
t ional  system is  represented by a portion of  t hese  p r o p d s i o n  t a s k s  which, ir: 
addition, generally possess r e l a t i v e l y  high i n t r i n s i c  values. 
The compound turbomachinery engine test f a c i l i t y  (E201 has spec i f i c  applica- 
t i a n  to turboramjet-powered operat ional  systems. 
E20 can achieve 71% t o  78% of t h e  t o t a l  applicable c h a r a c t e r i s t i c  research arid 89% 
t o  955 of t h e  t a s k s  applicable on t h e  focused research basis .  
l t k h  cost  would ind ica t e  t h a t  a c l e a r  need f o r  an operat ional  system employing 
..dfmiced turbojet / ramjet  engines be i d e n t i f i e d  p r i o r  t o  committing t o  construction 
or' the f a c i l i t y .  
Fer t hese  systems (C1 and M l )  
Cnfortunately, i t s  
The major s t r u c t u r a l  t es t  f a c i l i t y  (S20) has a broad research p o t e n t i a l  f o r  
311 ore ra t iona l  systems, as is evident fram Figure 8-3. The general a p p l i c a b i l i t y  
Lr' t h ; s  new f a c i l i t y  t o  a l l  candidate cperat ional  systems is  i l l u s t r a t e d  by i t s  
a b i l i t y  t o  accomplish from 79% t o  87% of  t h e  i d e n t i f i e d  research on a characteris-  
t i c  basis and 87% t o  95% on a focused research basis. The p r inc ipa l  advantages of 
t he  S20 f a c i l i t y  include i t s  a b i l i t y  t o  test  l a rge  a i r c r a f t  sect ions and t h e  ex- 
tensive simulations achievable i n  a single f a c i l i t y .  
%i t h e  bas i s  of t h e  data presented i n  Figure 8-3, some observations on t h e  
d e s i r a b i l i t y  of t h e  candidate ground f a c i l i t i e s  may be i n  order.  
recommendations are dependexit on t h e  c l a s s  of  operat ional  system being considered. 
However, a foreknowledge of t he  exact d i r ec t ion  of operat ional  hypersonic a i r c r a f t  
systems development cannot be assured. I n  t h e  expected environment, a wide range 
of oserat ional  a i r c r a f t  must be considered; t h e  four systems used i n  t h i s  report  
are representat ive of t h i s  spectrum. Considering t h e  four operat icnal  system 
g c s s i b i l i t i e s ,  t h e  most desirable  new gas dynamic f a c i l i t y  is  GD20. This concep- 
t u a l  wind tunnel  has broad appl icat ion t o  a l l  operat ional  programs. 
low acquis i t ion cost  of  GD7 does not counterbalance t h e  f a c t  t h a t  it has no appli-  
cat ion t o  one-half of t h e  representat ive operat ional  systems and i s  not particu- 
l a r l y  e f f e c t i v e  i n  reseerch appl icat ions associated with t h e  remaining operat ional  
systems. A choice between t h e  two engine tes t  f a c i l i t i e s  i s  r e l a t i v e l y  easy t o  
make. E9 f a c i l i t y  has a superior research value,  compared t o  t h e  E20 f a c i l i t y ,  
I'sr t h e  two operational systems not powered by turboramjets and can be b u i l t  f o r  
less than one-half of E20's cost.  
s t r u c t u r a l  research f a c i l i t y  S20 must be based on more data  than i s  presented i n  
Figure 8-3. 
t i o n a l  systems, e x i s t i n g  f a c i l i t i e s  contr ibute  a subs t an t i a l  port ion of t h e  ident i -  
fie.1 research po ten t i a l .  It appears t h a t  S20 fa l ls  i n  t h e  des i r ab le  but not neces- 
sary c l a s s ,  at least under predicted near-term budget levels. 
New f a c i l i t y  
The r e l a t i v e l y  
The decision on whether t o  bu i ld  t h e  major 
Although S20 shows a high research p o t e n t i a l  f o r  a l l  of t h e  opera- 
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8.4 RESEARCH RSQUIRPIENTS FOR A TYPICAL HIGH-PRIORITY PROGRAM 
The e n t i r e  HYFAC program has been devoted t o  es tab l i sh ing  relevant  research 
A 
requirements, ident i fy ing  importance of t h e  Research Tasks and def ining f a c i l i t i e s  
which accomplish t h e  required research i r i  an e f f i c i e n t  and economical manner. 
considerable port ion of the study e f f o r t  w a s  devoted t o  de f in i t i on  of research re- 
quirements and f a c i l i t y  research po ten t i a l  i n  terms r e l a t i v e  t o  operat ional  vehicle  
needs. 
One vehicle  which i s  representat ive of t h e  hypersonic speed regime is 
Operational System M2. 
t i o n  ramjet eaglne. 
which t o  illustrate t h e  scope of development e f f o r t  which may be required f o r  a 
pa r t i cu la r  development program. 
ments may be emphasized, the extent of interact ior is  ( w i t h  the vehicle  and other  
research p r o g m )  i l l u s t r a t e d ,  and importance of t he  research shown r e l a t i v e  t o  
t h e  operat ional  vehicle. 
This a i r c r a f t  c ru ises  at Mach 12  with a supersonic cmbus- 
This -.-chicle has 3Een se lec ted  f3r use as an example with 
With t h i s  technique, spec i f i c  research require- 
The c r i t e r i a  used t o  se l ec t  the applicable Research Objectives f o r  a scramjet 
development and airframe in tegra t ion  program demand t h a t  they involve research 
d i r ec t ly  r e l a t e d  t o :  
o Developing components of t h e  scramjet engine 
o Developing a scramjet engine system 
o In tegra t ing  t h i s  SJ system w i t h  t h e  vehicle  
o Ident i fying in te rac t ions  between the SJ and t h e  vehicle. 
The l i s t  of Research Objec*.iTres presented i n  Section 3 w a s  reviewed t o  determine 
the  l e v e l  of app l i cab i l i t y  of each as r e l a t ed  t o  scramjet research. 
objectives iden t i f i ed ,  22 are of fundamental importance ( m u s t  be accomplished) f o r  
operation of a scramjet,  another 21  m u s t  be performed i n  pa r t  t o  i den t i fy  changes 
w i t h  respect t o  t he  bas ic  vehicle  and 35 are  e i t h e r  not applicable o r  the vehicle  
research po ten t i a l  i s  not a f fec ted  by t h e  addi t ion of a scramjet. 
applicable object ives  which a re  iden t i f i ed  represent all s i x  of t h e  technology 
groupings: 
subsystems, and operations. A l i s t i n g  of these  twenty-two objectives fo l lovs :  
O f  t h e  78 
The d i r e c t l y  
aerodynamics, thermodynamics, s t ruc tu res  and mater ia l s ,  propulsion, 
RO 3 - Detemtne supersonic and hypersonic aerodynamic characker i s t ics  of hyper- 
sonic a i r c r a f t .  (Tasks 3 and 4 apply) 
RO 6 - Evaluate design techniques f o r  obtaining favorable aerodynamic in te r fe rence  
e f f e c t s  through surface o r  inlet posi t ioning.  (U tasks a p p u )  
RO 7 - Evaluate design techniques of using the  a i r c r a f t  body f o r  engine exhaust 
expansion, thereby providing lift. 
f l a w  in te rac t ions .  
Determine t h e  e f f e c t  of propulsive gas 
(Tasks 2 and 3 apply) 
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RO 9 - Investigate the effects  of variable i n l e t  and nozzle geometry, bypass 
airflow, propulsion mode changes, and aerothermoelastic e f fec ts  on 
hypersonic a i r c ra f t  s t a b i l i t y  and aerodynamic forces. ( A l l  t asks  apply) 
RO 12 - Improve fundamental knowledge of hypersonic boundary layer behavior i n  the 
( A l l  tasks presence of adverse pressure gradients and shock interactions.  
apply 1 
RO 16 - Develop correlation methods f o r  the prediction of heat t ransfer  and f r i c t ion  
drag for turbulent boundary layers with pressure gradients and three- 
dimensional windward flows. (Task  1 applies) 
RO 22 - Investigate shaping of aerodynamic surfaces t o  reduce skin temperatures, 
and the e f fec ts  of protuberances and surface i r r egu la r i t i e s  on hypersonic 
a i r c ra f t  drag and aerodynamic heating. (All tasks apply) 
RO 27 - Develop methods f o r  predicting heat t ransfer  due t o  radiation o r  gas 
impingement f r o m  engine exhaust. (AIJ tasks apply) 
RO 34 - Develop long l i f e  regeneratively cooled s t ruc tura l  concepts for  application 
i n  high heat flux areas such as leading edges and propulsios systems. 
(U tasks apply) 
RO 35 - Provide a structure which maintains aerodynamic smoothness under actual 
operationttl conditions and use. (Task 2 applies) 
RO 36 - Define the e f fec ts  of combined mechanical loading and thermal s t r e s s  
cycling under actual environmental conditions on the  l i f e  of the s t ruc tura l  
conponents. (Task 3 applies) 
RO 42 - Veri* and damnstrate  the in tegr i ty  of the s t ruc tura l  and thermal-structural 
concepts by t es t ing  full-scale s t lvc tura l  sections. ( A l l  t asks  apply) 
RO 46 - Develop high-temperature bearings, lubricants,  closure seals ,  tires, wind- 
shields,  and radanes. (All tasks apply) 
RO 48 - Develop i n l e t  configurations for  the desired f l i g h t  conditions and engine 
operating modes t o  enable the propulsion system t o  achieve the desired 
performance. (Tasks 1, 3 and 4 apply) 
RO 58 - Perform suff ic ient  cycle a n d y s i s  arld mission analysis t o  select  the best 
multi-mode cycle and s ize  engine for  application t o  a specific hyEzrsonic 
mission a i r c ra f t .  ( A l l  tasks apply) 
RO 61 - Deyelop and integrate engine components i n to  a complete, s ignif icant ly  - 
sized scramjet module. 
throughout an applicable flight envelope. 
Demonstrate compatibility and overall  performance 
(All tasks apply) 
RO 63 - Develop i n l e t  controls fo r  bypersonic a i r c ra f t  which are  simple, re l iab le ,  
accurate, and have rapid response. (All tasks apply) 
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RO 65 - Determine nozzle configurations t o  produce high net thrust while maintain- 
i n g  e f f i c i e l i t  i n t eg ra t ion  with t h e  airframe. (All tasks apply) 
RO 67 - Determine in le t /engine  compatibi l i ty  c r i t e r i a  (both s teady-state  and t i m e -  
varying) f o r  high-total-pressure-recovery, wide Mach range inlets. 
tasks  apply) 
(All 
RO 70 - Develop regenerat ive cryogenic hea t  exchangers, thermodynamic co r re l a t ions ,  
(All tasks 
and control  systems f o r  s t r u c t u r a l  and engine c x l i n g  which a r e  compatible 
with representa t ive  heat loads and material tenperature limits. 
apply 1 
Ro 96 - Define and demonstrate t h e  ca2ab i l i t y  t o  stay within specif ied operat ional  
margins and not exceed a i r c r a f t  placards  (i.e.,  duct pressur?, temperature, 
s t a b i l i t y ,  dynamic p r  .%?are, and load f ac to r  limits). (All tasks apply) 
RO 102 - Develop inspect ion and r e p a i r  techniques f o r  hypersonic vehic le  s t ruc tu res .  
( A l l  tasks spply) 
A measure of t h e  importance of t h i s  p a r t i c u l a r  high-prior i ty  program can be 
gained by examining the i n t r i n s i c  values f o r  the above appl icable  Research Objectives 
(1280) i n  re la t ionship  t o  the  t o t a l  i n t r i n s i c  value f o r  Operational 
(3440), as derived from Figure A-3 of t h e  Appendix. This program provides research 
p o t e n t i a l  equivalent t o  37.2% of the research appl icable  t o  t h i s  Operational System. 
elements and sequenced according t o  p r i o r i t y  (governed by lead time and element in- 
t e r ac t ions ) .  
Primary new research f a c i l i t y  use is  a l so  i d e n t i f i e d  f o r  each major element. Effect  
proceeds from de f in i t i on  of s p e c i f i c  scramjet requirement? and vehicle  modifications 
through research i n t o  engine in tegra t ion  (flow f i e l d  and s t ruc tu ra l ) ,  component 
research and developmznt, an4 s t r u c t u r a l  demonstration of the engine module. Follow- 
ing ground t e s t  and demonstration of t he  engine concept, t h e  f l igh t  module i s  in- 
t eg ra t ed  i n t o  the  vehicle  and f l i g h t  test i n i t i a t e d  t o  prcjvide increased confidence 
i n  t h e  vehicle/engine in t e rac t ions  throughout t h e  f l i g h t  p ro f i l e .  
ment plan i s  meant t o  provide an i l l u s t r a t i o n  example,development t iming i s  shown 
on a r e l a t i v e  b a s i s ,  thereby avoiding d e f i n i t i o n  of required funding commitment 
and program emphasis. 
System M2 
The 'riesearch Objectives i d e n t j f i e d  were subsequently grouped i n t o  major schedule 
These form t h e  basis f o r  the development plan i d e n t i f i e d  i n  Figure 8-4. 
Since the  d e v e l o p  
Typical methods f o r  accomplishing the required research are presented i n  Section 
4, broken out on a tas! -by-task basic .  Since a broad number of t a s k s  apply t o  varying 
degrees f o r  a c t u a l  system in tegra t ion  and demonstration, an oraer iy  ground-test and 
f l i g h t - t e s t  program was i d e n t i f i e d  using t h e  de t a i l ed  methods as a guide. 
e-pproach is consis tent  w i t h  t he  development p lan ,  assuming "normal" development 
emphasis, 9s t y p i f i e d  by pas t  vehicle  modification programs. Research methods and 
t a s k  iden t i f i ca t ions  were used as a guide t o  iden t i fy  f a c i l i t y  occupancy and f l i g h t  
test  requirements. 
ing the  research. 
i den t i f i ed ,  using Section 4 methods as a guide. Rationale included full crssessment 
of cos ts  f o r  models and test equipment spec i f i ca l ly  re levant  t o  engine development, 
with 10% of model cos ts  used f o r  i o t eg ra t i cn  tasks .  
The 
This approach provides ins ight  int-o operating cos t s  f o r  perform- 
Models, test equipment, and instrumentation cos t s  were a l s o  
This i s  equivalent t o  an 
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FIGURE 8-4 
DEVELOPMENT PLAN FOR TYPICAL HIGH-PRIORITY PRCGRAM 
Scramjet Development and Airframe Integration 
3 
.m 
assumption t h a t  all f a c i l i t i e s  already exist, including ground tes t  models f o r  t he  
basic  Mach 12  f l i g h t  vehicle. 
ex i s t ing  models t o  accomplish r e l a , e d  research fcr c o n f i g u a t i o n  performance in t e r -  
actions.  
The 10% represents assumed cost of modification 9f 
The re su l t i ng  f a c i l i t y  operating cost breakdawn i s  summarized i n  Figure 8-5. 
This cost sunmation ind ica t e s  tha.; t he  example incremental scramjet research ?nogram 
costs  less than $100 mil l ion dol lars .  
t i o n  t h a t  dll . zsearch f a c i l i t i e s  ex is t ,  the example p r o p a n  has been charged fcr 
a l l  f l i g h t  t e s t  after Basic Vehicle Development and Envelope Expansion (first 70 
f l i g h t s ) ,  as noted i n  Secticn 4. 
research applicable t o  f l igh t  envelope and flow f i e l d  de f in i t i on  t o  form ti substan- 
t i v e  data base,  2 )  
i n t o  in t e rac t ions  of t he  scramJet and basic  vehicle t o  p r x i d t ?  t he  necessar.; high 
degree of confidence t o  proceed with operat ional  vehicle development. 
Although t h i s  estim t e  i s  basel? on t h e  assump- 
Chargeable f l i g h t  t e s t  includes;  1) basic  vehicle 
envelope exterision using t h e  ;cramjet, an3 3) bas i c  research 
CWCOOllVlVIU A#-- 
P *' 
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FIGURE 8-5 
OPERATING COSTS TO ACCOYPLISH RESEARCH FOR SCRAMJET 
DEVELOPMENT AND AIRFRAME INTEGRATION 
GROUND 
Models and Specimens 
Test Equipment and Subsystems 7.3 
Instrumentat fon 5-2 
- 
Cost Sub-Tot al 23.8 M 
occupancy 31.8 
s20 occupancy IC 0 
Cost Sub-Total. $ 50.6 
hogram Ground T e s t s  Cost $ 7h.4M 
Reseazh cfi Basic Vehicle A?Flicable 
t o  Scramjet Integration 
and &veic?e Expansion 
13.2 
Scramjet-Powered Vehicle Development 4.4 
Scramjet Interactions Research 6.2 
PrograE Flight Tests Cost $ m n  
(3200 hr.)  
(2450 hr.) 
( 4350 h r  . 
(8000 hr.) 
( 3 0  f l i g h t s )  
(10 f l i g h t s )  
(14 f l i g h t s ?  
Program Total Cost $ 98.2 M 
8.5 
VEHICLES 
RESEARCH POTENTIAL COWPRISONS Gfi’ GROUND FACILITY COMBINATIONS AND FLIGHT 
It is not possible, o r  desirable,  t o  determine the effectiveness o f t h e  ground 
and f l i gh t  research f a c i l i t i e s  on a cousistent basis  which wculd allow straight-  
forward comparisons of the  f l i gh t  vehicles with selected ground f a c i l i t y  mixes. 
However, some compt:isons are of Snterest i n  terms of research value. 
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Tvo differ-cnt. presentations of  ground and f l i g h t  research prcgram ccnparisons 
are contain& i n  Figures 8-6 and 8-7. 
i n  Figure 8-6 fo r  a canbination of g r a d  f a c i l i t i e s  and for t h e  Mach 12 research 
vehicle.  
ex is t ing  pound f a c i l i t i e s  and ne= gro-ad and f l i g h t  f a c i l i t i e s  across t h e  research 
tasks within the  technology categories  l i s t e d  along t he  bottom of the  graph. 
r e l a t i v e  width of these categories  is  proportional t o  the sum of t h e  i n t r i n s i c  
values of all of t h e  applicable Research Tasks v i t h i n  these  technology areas. 
ccn+,ri?xtion of each task within an area is  not spec i f i ca l ly  iden t i f i ed ;  r a the r ,  
the  contribution is sbwn as a straie;ht  l i n e  ident i fy ing  t h e  technology area’s  over- 
all contribution. 
technology area is coded i n  terms of primary, supplementary, o r  negl ig ib le  impact 
on F a c i X t y  Research Value. 
Relative f a c i l i t y  capabi l i ty  i s  prrrsnted 
I n  Figure 8-7 i s  shovn how t he  F a c i l i t y  Research Values accumulate fo r  
The 
The 
I n  Figure 8-7, t h e  r e l a t i v e  contr ibut ion of a f a c i l i t y  across a 
The ground research facilities possessing the  highest  research po ten t i a l  with 
respect t o  Operational Systcm L2 are coabined i n  a t yp ica l  f a c i l i t y  mix. 
r e l a t i v e  F a c i l i t y  Research Value contr ibut ion of t h e  gruund facilities and f l i g h t  
vehicles can be caqxwed (1s follows: 
The 
Coarparisoa of Research F a c i l i t i e s  f o r  C p r a t i o n a l  System L2 
Ground F a c i l i t i e s  
p l igh t  Vehicle 
(GIMO + E9 A 520) 
(Mach 12 Basic) 
(Mach 12 Basic + CSJ) 
F a c i l i t y  Research Valae 
Contribution Over 
Existing F a c i l i t i e e  
1614 
2408 
3088 
The above canparison ind ica tes  t h a t ,  considering t h e  research requirements specif ied 
i n  t h i s  study, t h e  Mach 12 f l i g h t  vehicle  can contr ibute  more than new ground facil- 
ities. 
For t h e  hypersonic t ranspor t  operational system (a), compsrisons of t h e  
Fac i l i t y  Research Value of a ground facilities mix end of  t he  Mach 6 basic f l i g h t  
vehicle are presented i n  Figures 8-8 and 8-9. The ground f a c i l i t y  mix i s  changed 
f’rcm! t h a t  previously presented for Operational System L2 ky subs t i t u t ing  the  E20 
engine test f a c i l i t y  f o r  t h e  E9 f a c i l i t y .  
camparisons f o r  Operational Systems C 1  and L2 is that the  Mach 6 f l i g h t  research 
vehicle does not have a vehicle  option which contr ibutes  s iqn i f i can t ly  t o  the  
deve lopent  of a hypersonic t r -aspor t .  
basic vehicle i n  all technology areas ,  r e l a t i v e  t o  Operational Systems C 1  and Kl ,  
therefore ,  negating the  need f o r  options. 
ground f a c i l i t i e s  mix and t h e  f l i g h t  research vehicle  most su i t ab le  f o r  Operational 
System C1 a r e  campared as follows: 
Another difference between t h e  f a c i l i t y  
Primary contribution i s  provided by t h e  
The F a c i l i t y  Research Values of t h e  
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Comparison of Research F a c i l i t i .  
f o r  Operational Svstem C 1  
Ground F a c i l i t i e s  
(GDZO + EO + s20) 
Fl ight  Vehicle 
(Mach 6 Basic) 
F a c i l i t y  Research 
Value Contribution 
Over Existing 
F a c i l i t i e s  
1474 
2926 
Again, f o r  t h e  Research Tasks i den t i f i ed  i n  t h i s  study, a f l i g h t  vehicle  appears t o  
be the  most e f fec t ive  vay t o  conduct a research program. 
The f a c i l i t y  research comparison f o r  Operational System KL, display?d i n  Fig- 
ure 8-10, is very s imi la r  t o  the previous comparison f o r  Operational System C 1 .  
The ground f a c i l i t y  mix and t h e  f l i g h t  vehic le  se lec ted  f o r  canparison are t h e  same 
as shown fo r  C1. 
System M1, F a c i l i t y  Research Valves f o r  t h e  q p r o p r i a t e  ground facilities and t h e  
Mach 6 f l i g h t  vehic le  are sumarized belov. 
Ch the basis of t h e  Research Tasks appl icable  t o  Operational 
Caaparison of  Research F a c i l i t i e s  
f o r  Operational System Ml 
Ground F a c i l i t i e s  
(GD~O + BO + sa) 
Flight  Vehicle 
(Mach 6 Basic) 
F a c i l i t y  Research 
Value Contribution 
Over Exis t ing 
F a c i l i t i e s  
1221 
2496 
The research program comparipon f o r  Operational System M2 i s  presented i n  
Figure 8-11. 
a+,ional System L2 i n  Figure 8-7. 
M2, following t h e  ground rule of p r e s e n t i w  F a c i l i t y  Research Values fo r  f l i g h t  
research vehicle  options which make the most subs t an t i a l  contr ibut ion t o  accom- 
plishment of t h e  research required t o  init iate deve lopen t  of an operat ional  system. 
A F a c i l i t y  Research Value comparison between t h e  most e f f ec t ive  ground f a c i l i t y  mix 
and the Mach 12 research vehicle  i s  presented as follows: 
This comparison is  very similar t o  t h a t  shown previously f o r  Oper- 
A scramjet option is shown fo r  Operational System 
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Comparison of Research Faci l i t ies  
for Operational System M2 
Ground Faci l i t ies  
(GD20 + E9 + S20) 
Flight Vehicle 
(Mach 12 Basic) 
(Mach 12 % s i 2  + SJ) 
Facility Research 
Value Contribution 
Over Existing 
Faci l i t ies  
1636 
2565 
328 5 
As with the comparison presented fcr the r h e r  operational systems, the f l ight  
vehicle appears t o  be superior t o  a nix of ground facilities. 
(Page 8-2~ is  Blank) 
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9. OBSERVATIONS 
Tne pr inc ipa l  objective of the Hypersonic Research F a c i l i t i e s  Study is t o  
assess the  research and development requirements f o r  hypersonic a i r c r a f t  and define 
several  desircble  hypersonic research f a c i l i t i e s  based on these requirements. 
Assessment of hypersonic 
of severa l  a t t r a c t i v e  research f a c i l i t i e s  t o  satisfy these requirements i s  presented 
i n  t h i s  report .  
t h i s  study have on the  maintenance of U.S. aerospace super ior i ty  through extension 
of i t s  operational capabi l i ty  i n t o  the hypersonic f l i g h t  regime?" Observations on 
the  relevance o f t h e  HYFAC stulCy results is the  theme of t h i s  sect ion.  
research requirements and evaluation of t he  pc t en t i a l  
A t  t h i s  po in t ,  one question becomes per t inent  : "What impact should 
The po ten t i a l  applications of hypersonic vehicle technology a re  extremely 
wide-ranging. A t  the  present time, there  is  considerable i n t e r e s t  i n  hypersonic 
c o m e r c i a l  t ransports .  
cruis ing at Mach 6 and above are poten i ia l ly  competitive w i t h  current and proposed 
long-range t ransports  at ranges on the order of 5000 nm. There has a l so  been con- 
siderable i n t e r e s t  over the past  several  years i n  a recoverable h u n c h  system f o r  
many earth-to-orbit launch operations. Application of m e r s o n i c  a i r c r a f t  ta t h i s  
mission holds strong promise f o r  the future .  Many p o t e n t i a l  mi l i ta ry  appl icat ions 
of hypersonic c ru ise  a i r c r a f t  have been studied. These include weapm systems 
designed t o  satisfy nat ional  requirements i n  the  categories of s t r a i e g i c  offense,  
s t r a t eg ic  reconnaissance, and s t r a t e g i c  defense. In a l l  of these missions, hy-per- 
sonic systems provide the  advantages of r e l i a b i l i t y ,  operational f l e x i b i l i t y ,  
and high prformance necessary for  mission effectiveness and survival.  
ments f o r  d l  of these  c i v i l  and mi l i ta ry  missions were considered i n  t h i s  study, 
and the  canceptual research f a c i l i t i e s  have the  po ten t i a l  f o r  contr ibut ing t o  the  
deve lor . Ja t  of any one of these classes  of hypersonic a l r c ra f t .  
Several s tud ies  have concluded that conmercial t ransports  
The require- 
Although the p o t e n t i a l  of the hypersonic f l i g h t  regime is broad, there  i s  
no spec i f ic  systems requirement presently i n  this regime t o  lend a sense of urgency 
and stimulate dedication t o  hypersonic research. However, the development of hy- 
personic a i r c r a f t  represents a somewhat grea te r  challenge than did t h e  development 
of c i v i l  and mi l i ta ry  a i r c r a f t  now in operation. 
necessar i ly  demnds an ear ly  start on applied research programs i n  order t o  provide 
ihe option f o r  operational hypersonic systems i n  the 1980's. A key element i n  t h i s  
development cycle is the  acquis i t ion time-span f o r  new research f a c i l i t i e s .  
time element is summarized i n  Figure 9-1. Elapsed time from program go-ahead t o  
delivery of a research f a c i l i t y  t o  NASA is Fresented f o r  each of the  new f a c i l i -  
t i e s  developed during the  study. 
ind ica te  the importance or' t he  f a c i l l t y  t o  the overa l l  hypersonic research procram. 
As shown i n  Figure 9-1, t h e  f l i g h t  research vehicles can be delivered i n  l e s s  than 
f ive  years from go-&ead. 
nearly four years t o  over e ight  years. These f a c i l i t y  acquis i t ion time-spans pro- 
h i b i t  a quick react ion capabi l i ty  t o  a high-priority need f o r  an operational hyper- 
sonic system. 
This longer development cycle 
This 
Relative research capabi l i ty  i s  a l so  shown t o  
Nzw ground f a c i l i t y  acquis i t ion time-spans vary from 
A gross idea of the t i m e  needed t o  introduce an operational hypersonic system 
The prin- mey be obtained from a look a t  the DOD weapon system procurement cycle. 
c ipa l  elements of t h i s  cycle are iden t i f i ed  i n  Figure 9-2, with the  acquis i t ion 
and t e s t ing  program of a f l i g h t  research vehicle shown i n  p a r a l l e l  t o  i l l u s t r a t e  
the  interfaces .  Acquisition of new ground f a c i l i t i e s  are not shown i n  t h i s  gross 
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example, but would be expected t o  be phased i n t o  a comprehensive research program 
i n  a manner which would not a f f e c t  t h e  conclusions of t h i s  ana lys i s .  Considering 
only a f l i g h t  research vehicle  program aimed at accomplishing t h e  applied research 
required t o  e s t ab l i sh  confidence t o  proceed with development of an operat ional  sys- 
t e m ,  almost f i f t e e n  years  would elapse between research vehicle  go-ahead and in t ro-  
duction of an operat ional  capab i l i t y  (IOC). This ana lys i s  i s  not r igorous,  but it 
emphasizes t h a t  t he  U. S. cannot w a i t  f o r  a firm operat ional  need t o  be iden t i f i ed  
p r i o r  t o  i n i t i a t i o n  of a hypersonic research program. 
t h i s  f l i g h t  research program f o r  operat ional  system development? 
approach is  one a l t e rna t ive .  
depth f o r  a spec i f i c  operat ional  system, birt it is not  bel ieved t h a t  any time could 
be saved i n  t h e  development cycle. 
c ip l ined  research program t o  hypersonic technology and other  operat ional  hypersonic 
a i r c r a f t  systems would be sacr i f iced .  A development approach u t i l i z i n g  only ground 
f a c i l i t i e s  i s  another poss ib i l i t y .  However, i n  addi t ion t o  applying only t o  a 
narrow band of t h e  required research spectrum, none of t he  new ground f a c i l i t i e s  
can be acquired i n  s ign i f i can t ly  l e s s  time than a f l i g h u  1-ehicle. 
ground f a c i l i t i e s  have not shown t h e  a b i l i t y  t o  provide the  l e v e l  of confidenze 
needed t o  proceed with development of advanced operat ional  systems. 
What a r e  the  a l t e rna t ives  t o  
A prototype 
Such a program vould have t o  be examinea i n  some 
In adLition, t h e  broad appl icat ion of a dis- 
Also, ex i s t ing  
To present a program r a t i o n a l e  f o r  t h e  i n i t i a t i o n  of new research f a c i l i t y  
programs t h a t  can survive t h e  necessar i ly  c r i t i c a l  evaluat ion of decis ion makers i s  
a challenging task.  A p r a c t i c a l  ove ra l l  assessment must recognize: 
Canpeting na t iona l  p r i o r i t i e s  f o r  new programs, including t h e  impact of 
t h e  space s h u t t l e  on resources within t h e  aerospace budget. 
The decl ining appeal of research and exploratory development programs t h a t  
are not spec i f i ca l ly  d i rec ted  toward a p a r t i c u l a r  appl icat ion 
The absence of any general ly  accepted need and sense of urgency f o r  
hypersonic c ru ise  a i r c r a f t ,  y e t  t h e  prevai l ing presence of almost l i m i t -  
l e s s  a t t r a c t i v e  a p p l i c a t i m s  for such a i r c r a f t  
A general ly  accepted conviction t h a t  knowing what problems need t o  be 
solved i s  more d i f f i c u l t  than f inding t h e  so lu t ion  t o  knam problems 
An environment of conf l i c t ing  v i e w s  represented by advocates who claim we 
have reached a "Technological P1ateau";and an equal number who claim the re  
i s  no such th ing  as a "Technological Plateau"; advocates who claim we m u s t  
continue research programs as a margic of s a fe ty  t o  ensure w e  have many 
options ava i lab le  t o  use and en equal number vho claim every technological  
e f f o r t  m u s t  have a c l e u l y  defined need which cannot be met adequately by 
other  means. 
The aercnaut ical  f l i g h t  regime between high-supersonic and o r b i t a l  f l i g h t  has 
been leapfrogged by space systems which operate t r a n s i e n t l y  i n  t h i s  regime and can- 
not fully explo i t  i t s  po ten t i a l .  
g o a l  t h e  progress i n  aeronaut ical  technology i n  t h i s  f l i g h t  regime w i l l  s tagnate  
r a the r  than move forward. 
mined e f f o r t  t o  explore and u t i l i z e  t h e  hypersonic f l i g h t  regime. 
It is  evident t h a t  without a defined spec i f i c  
This study provides t h e  framework for a strong,  deter-  
- m m u  a#- 
(Page 9-4 i s  Blank) 9-3 
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APPENDIX A 
This appendix contains all da ta  which influence the  F a c i l i t y  Research Values 
and which were not presented i n  the  main body of t h i s  report .  A computer program 
was used t o  s t o r e  t h e  multi tude of individual  elements involved i n  t h e  ana lys i s  and 
t o  combine them i n  such a w a y  as t o  y i e l d  t h e  t o t a l s  presented f o r  each f a c i l i t y .  
The data shown here ,  as wel l  as t h e  corresponding infoi-mation presented i n  the  i l lus-  
t r a t i v e  examples f o r  Operational System C 1  i n  Section 5,  are reproductions of t he  
pr in touts  produced by t h i s  program. 
The appendix is divided i n t o  th ree  p a r t s ,  with each sec t ion  containing a l l  of 
t h e  da ta  f o r  each operat ional  system not previously presented i n  Section 5. 
Section A.1,  Figures A-1 through A-3 l i s t  t h e  i n t r i n s i c  valces of t h e  Research 
Objectives and Research Tasks 8s they apply t o  Operational Systems L2, M l ,  and M2. 
Section A.2 presents  t he  c a p a b i l i t i e s  of t h e  various f a c i l i t i e s  t o  perform each of 
t he  appl icable  Research Tasks. These c a p a b i l i t i e s ,  expressed as t h e  percent of 
t h e  Research Task achievable by each f a c i l i t y ,  are shown f o r  t h e  ground f a c i l i t i e s  
and bas ic  f l i g h t  vehicles  r e l a t i v e  t o  Operational Systems L2, M l ,  and M2 i n  Figures 
A-4 through A-6. A similar format i s  used t o  present f a c i l i t y  c a p a b i l i t i e s  f o r  t h e  
f l i g h t  vehicle  options, r e l a t i v e  t o  a l l  four  operat ional  systems, i n  Figures A-7 
through A-10. Research values on an ind iv idua l  t a s k  bas i s  a r e  presented i n  Section 
A . 3  i n  terms of t a s k  i n t r i n s i c  v d u e s  mult ipl ied by f a c i l i t y  c a p a b i l i t i e s ,  with a 
summary a l so  included at 
the  operat ional  system involved. As i n  t h e  previous sec t i cn ,  values a re  f i r s t  
shown fo r  t he  ground f a c i l i t i e s  and t h e  bas i c  f l i g h t  vehicles  in r e l a t i o n  t o  
Operational Systems L2 , Ml, and M2 ( i n  Figures A-11 through A-131, and then i n  
r e l a t ion  t o  these  th ree  systems, and t o  Operational System C1 as wel l ,  f o r  t h e  
f l i g h t  vehicle  options ( i n  Figures A-14 through A-17). 
In 
ne end of each f igu re  f o r  each f a c i l i t y  r e l a t i v e  t o  
A . l  RESEARCH TASK INTRINSIC 7ALUES 
The in t r i l i s i c  value of each of t h e  Research Tasks r e l a t i v e  t o  Operaticnal 
Systems L2, M l ,  and M2 is  shown i n  Figures A-1 through A-3. Corresponding da ta  
a re  presented f o r  Operational System C?. i n  Figure 5-1. 
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FIGURE A-1 
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A. 2 - FACILITY CAPABILITIES 
The capab i l i t i e s  of t h e  various Q-ound f a c i l i t i e s  and bas i c  f l i g h t  vehicles  t o  
perform t h e  research described by each Research Task is  shown i n  Figures A-4 through 
A-6 f o r  Operational S y s t m  L2, Ml, and I&?. The basis f o r  t h e  determination of t h i s  
data is described i n  d e t a i l  i n  Section 5.2, and t h e  corresponding vaiues f o r  Opera- 
t i a n a l  System C i  are presented i n  Fig- 5-3. 
The capab i l i t i e s  of  t he  f l i g h t  vehicle options t o  perform appl icable  Research 
Tasks are i l l u s t r a t e d  in Figures A-7 through A-10 f o r  all four operat ional  systems 
considered in this study. 
t i c a l  with those shavn picviously fcr theze vehicles and are included here  f o r  
referenze. 
basic  vehicle for t h e  ccrresponding ?.ask. 
f3r tasks  designated as a n e - t i c  o r  of b s t r i c t l y  ground-test nature.  
The values indicated f o r  t h e  bas i c  vehicles  are iden- 
A dash ind ica tes  t h z t  t h e  p a r t i c u l a r  option adds no capabi l i ty  t o  t h e  
No vehicle  option assessment w a s  made 
-- 
A-5 
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FIGURE A-5 
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FIGURE A-5 
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FACILITY CAPABILITIES FOR OPERATIONAL SYSTEM L2 
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FACILITY CAPABILITIES FOR OPERATIONAL SYSTEY I2 
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F l W  Vehicles with optbas (Codid) 
W S I C  1.1 
11 " 
MIIS SJ CSJ 
- -  
A-19 
REPRODUCIBILITY OF THE 3RIGINAL PAGE I S  PDOR 
REPORT MDC AM13 0 2 OCTOBER 1970 
VOLUME Ip PART 3 
FIGURE A 4  
FACILITY CAPABILITIES FOR OPERATIONAL SYSTEM C1 
Flight Vehicles with Options (Continued) 
0 4 1  IC 
*? I *  
0. - - 
L - -  
- -  
.in s i r .  
REPRODUCIBILITY OF THE ORIGINAL PAGE IS POOR. 
RtPORT MDC Awl3 2 OCTOBER 1970 
VOLUME Ip PART 3 
FIGURE A-9 
FACILITY CAPABILITIES FOR OPERATIONAL SYSTEM M I  
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FACILITY CAPABILITIES FOR OPERATIONAL SYSTEM Y1 
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FIGURE A,-9 
FACILITY CAPABILITIES FOR OPERATIONAL SYSTEM Y1 
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A - 3  FACILITY RESEARCH V A L m  - 
The research values of the various ground f a c i l i t i e s  and the  two basic  f l i g h t  
vehicles,  i n  r e l a t ion  t o  each Research 'l'asi., --e shwn i n  Fidiifes A-ii through A-13 
for  Operational Systems L2, M1, and E. A t  the  end of each f igure,  t h e  character- 
i s t i c  and focused research values are stmmwized. 
these values by individual  task ,  as vel1 as t o  caupute the  t o t a l s  presenLed i n  t h e  
suasnaries, is described i n  Section 5.3,and the  corresponding data f o r  Operatiocel 
System C1 are sham i n  Figure 5-6. 
The methodology used t o  determine 
The research values f o r  the  f l i g h t  vehicle options are presented i n  Figure A-14 
through A-17 f o r  each of the  operbtional systems, including System C1. Consistent 
w'th the  method used f o r  calculat ing research values f o r  t h e  ground facilities and 
bas ic  f l i g h t  vehicles,  t h s e  vehicle option values are c q u t e d  by multiplying the  
i n t r i n s i c  values of t h e  Research Tasks  by t h e  capabi l i ty  of t h e  vehicle  t o  perform 
the  tasks. 
System C1 and i n  Figures A-1 through A-3 f o r  Operstional Systems L2, K ,  and S?, 
and %re reszated i n  t h e  second co lum of Figures A-14 through A-17 f o r  reference. 
The f a c i l i t y  capab i l i t i e s  involved are those shavn in  Figures A-7 through A-10 for 
t h e  flight vehicle options. 
The t a sk  i n t r i n s i c  values are listed i n  Figure 5-3 f o r  Operational 
The focused and cha rac t e r i s t i c  F a c i l i t y  Research V a l u e s  f o r  t h e  options are 
The da ta  prescnteO i n  these sunrma-ized at t h e  end of Figures A-14 through A-17. 
s,lmmnries are %he bas is  for  all f l ight-vehicle  option values suaannrized i n  t h e  
main body of t h i s  report .  
option can be r a n d  in the  t h i r d  ruu of each simmaq. 
f o r  focused research by suaoring the  values Zomputed on an individual t a sk  bas i s  
which are s h m  i n  t he  above port ion of t he  corresponding figure.  
orily over those tasks f o r  which :he option has appl icat ion,  while tasks f o r  vhich 
dashes appear are not cansidered. 
and ideal-faLil i ty  values are calculated r e l a t i v e  t o  each option by s*&ng over 
t h e  sbme subset of tasks used t o  determine t h e  F a c i l i t y  Research Value f o r  t h a t  
option. 
sunmed are those appearing i n  the  column labeled "Value of Existing Faci2i t ies"  for 
t h e  tasks involved. 
dividual task  values f o r  t he  appropriate basic vehicle over t h e  same subset of tasks .  
Similarly,  the r e l a t ed  idea l - f ac i l i t y  value is camputed by adding the  i n t r i r s i c  
values of the  tasks  t o  which the  option applies.  
has no appl icat ion t o  the  operatiorial system under consideration. 
The F a c i l i t y  Research Value f o r  a vehicle with a given 
These values are determined 
Values are sumed 
The r e l a t ed  ex i s t ing - fac i l i t i e s  , basic-vehicle, 
For t h e  r e l a t ed  ex i s t iug - fac i l i t i e s  t o t a l ,  t h e  individual  t a s k  values 
The r e l a t ed  basic-vehicle to ta l s  are found by summing t he  in- 
Zerm indica te  t h a t  t h e  optlon 
The second ha l f  of each sumeary i n  Figures A-14 through -%17 presents  tne  char- 
a c t e r i s t i c  research values fo r  each option. '13e r e l a t ed  exk-Ling-fac i l i t i es ,  basic- 
vehicle,  and i dea l - f ac i l i t y  values are those shavr: in t he  chs rac t e r i s t i c  research 
summaries presented previously f o r  the  correspondbg bas ic  vehicles a d  arc. h e e d  
on all Research Tasks except those designated as analy t ic  o r  as involving only 
ground t e s t ing .  
given option is  found by adding t he  increment provided by the  option t o  the  corres- 
ponding basic-vehicle value. 
focused research summary between the  value of t h e  vehicle with t h e  option and the  
basic-vehicle value. The cha rac t e r i s t i c  research t o t a l s ,  then,  place i n t a  perspec- 
t i v e  the  value of a vehicle option i n  r e l a t ion  t o  the  overa l l  resesrch perhrmed by 
the  f l i g h t  vehicle.  
The cha rac t e r i s t i c  Fac i l i t y  Research Value Tor a vehicle with a 
This increment i s  equal t o  t h e  difference shown i n  the  
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*I.. .... 
*%.I 
7%- 
I?.? 
-7.9 
.I.* 
.c.c 
I*.* 
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Y.1 
?..I 
.'.I 
I?.-. 
I?.*. 
16.. .... 
13.. 
I.-.. 
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I?.I *.- 
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IS.. 
11.. 
I?.- 
I ..- 
I..I 
IO. .... 
I.-I. .... 
I*.. 
s.* 
I*.. 
I..* 
I..* 
I-.* 
I?.. 
ti.. ..... 
1s.- 
m..b 
IC.. 
1r.o 
I1.L 
.I.. 
11.r 
H . 1 . I l C  
11.- 
11.8 
11.1 
'.l 
* . I  
?.. 
.t.* 
e.. 
..I 
-.* 
U.? 
U.? 
5.. 1 
b1.a 
9.1 
??. 
U. 
".? 
==.I 
:?.b 
11.. . ? 
v.* 
V.1 
U.? 
I..? 
I*.. 
16.. 
9.8 .... 
1%. 
1%. 
m-i 
n - 2  
IC-. 
IC-. 
>?-I 
??-? 
:2-* 
93- 1 
11-? 
29-1 
m-. 
M-? 
h- Y 
I?.. 
IC. 
'.I 
l r . b  
I.. 
I?.. 
1s.w 
11.). 
I..* 
23-1 1s.s 
n - 2  .5.' 
?.-. w.1 
n-b 21.. 
?..I 11.1 I*.? H.1 11.. - w.2 -9.1 
1%. I?.? *.b IC.* - **.? .*.I 
b. .......... ?*.a 7b.P l C . 1  * * *  e-.. I?.. F.? I?.. I..? - me' 6a.b s.0 >..I 9 . 1  11.. 
F.? 7b.. _ _ - - -  *?.a .?.* .... - ?>.I 19.s a*.* *.* .?I m.8 _ _ _ _ -  .... a - I  11.1 ?.e a - 7  .?.C t3.9 11.1 ?b-q 11.)  -.a 
21-1 .I.. 
I?-? >%I 
2?-. .*.. 
IS .1  11.1 ............. m.0. .... H . L  m.1 
I*.* 11.. 11.1 0 . C  w.1 ........ 
13.7. 1 V . I .  11.. 1C.b I..? * . a  9m.q 
*.I l*.l 
11.. ?I .. 
- - - - *.a orw UI. . . . .  Y... Y.* -5.1 -1.2 e.* - - - - C . l  Cm- nrr  I..) C... - - - - 7b.I Y.l a?. I$.¶ %l.l ll.> a?.? 
* . l l l l . C  I.lf.1 t*. COT Lnrc e ? r  I. WQ n -II 
a - 1  b1+* 
m-2 .?.* 
a-1 .... a-. 1?.9 
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I.<. ....... 
u. .... 
,*.I 
W.1 
H.) 
...I .... .... .._. 
i i . c  
. , - I  ... 
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.-a 
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J ,  I 
I .. 
U-% 
I-. .  
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I.., 
3 *. 
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'>.I .... .-.. ... 
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.*I.. n .UIC C. 
'.,\I% t-im --I. 
'.I 111.1.- rm1.1.. 
-'.. 
I..? 
?-.a .... 
?.- 
12.. 
*2.. .... 
v . 1  
?..I 
1nr CI. 
............................... 
'"lii.. ... I..,- ."Ll I". ........ .... I t . "  . u 1 , 1 - .  ..... 
3. 
I:.* 
IS.. 
I*.. 
11.1 
v.0 .: . 
I... .... 
16.1 .... 
I?.b 
r. 
?I.% 
.... .... 
e.* 
I..? ... 
0.. 
L.W 
C.. 
n* 
.... 
12-0 
i c e  
1%. 
*?. r 
?5. 
1m.1 
a -r 
..v 
12.B 
..L 
3.- 
*. 
F. .... ........ 
...I & %  - wsr 
V.. .... 
w.* 11.0 
II, -I? 
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1-1 
1-2 
1-3 
h - b  
2-1 
2-2 
2-3 
2- 
3-1 
1-? 
1-3 
3’. 
~. 
 .. 
2-1 .- 
-2 
.-3 
-1 
3-2 
3-3 
6- 1 
.-2 
a-3 
_ _  ~ _ _  
37.3 
11.. 
22.3 _ -  1 1 . 1  
.. 
. -  
@*,I .1;8 
r.1 P . 1  
v . 2  72.0 
7%- 
-.t. 
?-.F 
P . 2  
7 - 2  -.* 
m.r--- - 
??A 
91.7 
ET- 
Ib-2 
IC1 
13-1 
1-2 
13-3 
U-I  
I C 2  
18-3 
11-1 
17-2 
19-1 
I F 2  
bl- 
1 2  
a - 3  
m 
P . 3  
C.. 
11.1 
i2.r 
I2.C 
V.7 
17.. 
1b.b 
a. I 
ir.7 
tr.7 
U .3 1%. 
I2.T Y . 3  
12.7 m.1 
3.. 11.0 
.- -. 
-NRU A#- 
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13-1 bl.1 
31- 3 .e.. 
33-3 -92.1 
..-I 9f.l 
u - 2  .*.I 
. I - 3  39.1 
b3-I 
b9-? 
W-I  
w - i  
Y-? 
u-1 
Y-? * 
--a 
.I-3 
52-1 
U-? 
U - 3  
SI-b 
51-1 
SI-? 
SI-3 
51-b 
11-9 
9I-b 
Y-1 
U - 2  
U - 3  
U-I 
U-? 
H - 3  
U - 6  
U-r 
u-. 
.a- I 
.5-? 
.+I 
69: I 
**? 
.9- 1 
.I- I 
.?- 1 
.I-> 
-  
-
FACILITY RESEARCH VALUES FOR OPERATIONAL 
SYSTEM M l  (CONTINUED) 
. _. - 1T.l - a3.3 - 1a.T 
- -  
I... 19.7 
I?.? 11.. 
- I..* - 31.7 
~. . .. - -  
- Y . L  - .I.. 
*3. ar -31 
e. n. 
I?.* ?S.* ?*.r 
?I.* Y... Y.. 
.I.. n(.r* 1.tI 
R.' w.1 3S.l 
.?.1 ?I.. 
n.* IS.. 
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. . I  .,.. 
J *'.I 
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?-. .... 
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> . .?., 
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l.-l 5I.L 
I I . 1  .... .. ? .... 
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m-. .*.3 
Q - *  11.1 
n.? aq.3 
22-1  5r.a 
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?>-. ... 2 
I .*.* 
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i. 1 .,*.c 
n 1 a*.. ........ 
m-r a,.- ....... 
I* I .?. 
>e-, .e.. 
,..a .'.. 
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, I  I ,..I 
w I *?.3 
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n-. ?..* 
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?;.I 
I . .?  
I. . ,  
I t . .  ........ 
12.. 
'.I 
r.* ... 
..l 
..* ..* ,.* 
c.- 
' . 7  
-.7 
I .0  
C.. 
, I . .  
11.. 
I , . ?  
C.1 
s . .  
3. 
1r.z 
n.* *.. 
!. 1 
7 . 1  
12.1 
.... .... 
12.. .... *.. 
1? .1  
T I . ?  
I , . ?  
I , . -  
11.' 
, . l ' I l V  
.all* II 
!"*.I c*. *.(,, 11. 
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11.) 
I 3 . .  
1 1 . 1  .... 
>?.S 
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11.1 
w.3 
* * .b  
I * . *  )'.. 
U . C  
P. 
P.6 
.*.I .... 
U.. 
18. .... 
3..* 
*I  . 
7r.z 
P. 
I..% 
??.I 
I T . .  .... *.. 
l l .?  
N.0 
13.. .... 
I..% 
v . 3  
..I 
?*.I 
. l . C  
? l . l  .... 
m.7 .... 
.... 
a1.k 
".e *,.- 
P . 1  
11.' 
u. 1 
l . .  
?I . . 
-.: '.. If. 
?. 
I .  .... .... 
?'.k 
U . L  .... 
2. L 
h . 5  
F.5 
-.e .... 
,'.I 
.?.I 
i r k i t  ran. 
".It* Is -. * . r l l l v l F '  . , . l%. lY  r l r l l l l l r r  
r.n.n ..'I, 1 , I . C  ................ 
17.. ?I .?  - 
17.- 7 l . V  - 
7-.e ?*.* - 
I-.. F.. - 
11.) 14-6 - 
17.9 > I . *  1n.r 
16.- 77.1. w.r 
............ 
11.. Is . .  I*.. 
........... ........... 
,.-e ,.r. - 
- I..,. - . . .... - -.c - ........ 
m.. ..... ....... .............. .............. ..- ..< 7. ..... I?.). .... 
iz.6. I-.-  I-.& 
1I.T I*. .  11 .1  
......... 
I.*, .,.) - .............. 
:?,& , r . .  I, . .  
9 '  * I * . ?  11.. ........ 
. ? 1b.I I * . ?  ............ ............ ..... .I... .... ............. 
I..; m.* 1a.7 
I?.. *..I ..- ............ ........... ......... 
I. 
Z..? 
17.1 
17.1 
I?.? 
?I.? 
??.? 
8c.c 
.... 
I.., 
e.* 
l l . *  
11.1 
18.7 
1m.7 
I... 
I..l 
*.e 
17.0 
13.1 
l*.l 
1?.1 ... 
I..* 
IC. 
I* . .  
0.. ... 
?. 
* . I*  
17.1 
I*.* 
'. 
P.7 
I..I ... 
I * . -  -... 
* .be  *... 
?..* 
< .C 
e.. 
.?.* 
*.e 
11.. .... 
.I.. .... 
I.: 
. I .*  
.I_. 
I.. I 
I.. I 
a,. 
-1.7 
v . 1  .._. .... 
U. .... 
- 3 .  
.I.* 
.... 
IO.. .... 
7% 1 
I * . .  .*.- 
. I .*  
?.. 
I..* 
-.- 
>I .*  ".. 
> ? . I  . _. 
7 m . q  
.... .... .... 
I-.. '.., 
.... .... .... 
r. 
..I 
??.a 
.I.> 
-.* ... 
. I . .  .... 
.I.. 
11.1 
U.. 
v . 1  
*I . .  
w.. 
**.I 
U.. 
*..I .... 
n.* 
?b. 7 
I?.* 
1%.  
r.* 
r1.9 
U. I 
-1.1 
I*.. .... .... 
I..? 
) I . I  
w.. .*. 1 .... 
. I  .... 
U.? .>.. .... .... 
.?.P 
7%. .... 
I*.. 
.?. 
U.. 
m.? 
I*.. 
97.? 
*?.. .,.. .... .... 
I,.. 
-.r 
be.* 
U. I 
a?., -. . 
%.. 
1t.r 
U. - 
a. I 
H.. 
.I.? 
I*.. 
m.= 
6*.3 
.I.- 
.I.t 
., 
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.a.. .,.- .,.. .... .... .... 
. I . *  .... 
17. .... .*.. 
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w.4 n.9 
*e Y.0 
- m.m - m.* - w.n 
_ - 
. . .  
ba-I .9. 
Y I  .r.. 
. . . .  n m m c  
3i.a 94.0 - - - - *.e 
P. chr. 
w.9 b0.r 
rn.6 1 4 9  
44.) 49.7 
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.MU 
.3.. 
.?I* 
.?.I 
?I.. 
I?.. 
19.. 
22.2 
11.. 
1l.b 
2 7 1  
21.1 
P.3 
W . 3  
...2 
I... 
11.1 
-1.3 
I*.* 
31.1 
21.C 
3..1 
U . E  
?*.3 
1a.a 
2m.b 
29.. 
? J . 1  >... 
26.C 
IC. 
W.1 
a m  
IS..  
2I.I 
I?.. 
2c.r 
31.2 
23.3 
31.2 
)..I 
? J.? 
I..* 
1 1 . 1  
11.1 
23.1 
i b . 2  
30.m 
m.2 
2e.5 
Jbsa 
be. 
21.1 
2 z1 
M A  
31.. 
1I.l 
in.. 
I ? . .  
12.. 
1?.2 
W.1 
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SYSTEM Y2 (CONTINUED) 
12.1 
??.? 
?*.I 
?. 
w . 7  
21.. 
71.. 
?..I 
71.1  
?*.e 
?I.* 
?%a 
?*.I 
1n.b 
21.1 
Y.? 
m.1 
13.7 
COI 
11.1 
11.. 
11.. 
11.- 
19.. 
11.a 
m.. 
>I.? 
I.. 
11.3 
11.r 
19.1 
..I 
II.1 
1. 
7.3 
I..* 
1q.b 
1i.r 
16.2 
10.0 
I?.. 
F . a  
II .?  
16.6 
I..) 
I..l 
11.b 
P . 2  
1b.I 
*.m 
*.I 
oi w n  
I..I 
16.1 
w.b 
?*.e 
I... 
I?.* 
I%* 
I*.? 
??.a 
v . 3  
I..? 
I... 
11.. 
I).? 
ir.? 
1a.1 
6.. 
*.I 
I. 
71.. ?*. 
7V.T 13.7 
c '. 
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2-1 w.0 11.. 
2-2 .*. 1 14.. 
2-3 3b.b ;e b 
2-b 11.b . 1.0 
3-1 w.3 i l . 1  
3-2 '0.* I... 
3-1 21.3 ..I 
3-b b2.I lb.9 
b-l %.2 I... 
4-2 w.1 I C . ?  
b-3 n.1 lC.1  
~ 
61.8 
33.1 
b3.0 
61. 
1l.b 
- - -  
.*.a - - 
9%. - - 
.2.. 
.3. 
b1.e 
w.1 
a.0 
90.1 
21.0 - - 
1m.1 - - 10-1 b a a *  16.1 l e 2  *I.* I;.? 
, , ~ - ~ u , ~ ~  - ~. - - 
11-1 
11-2 33.3 io .? 21.. - - 
11-1 1b.C 0.0 0.. - - 
12-1 32.2 IC. b1.8 - - 
2-2 I& P . 3  LA-.- 
Ib.1 - - b 1.. {I-I 18.b ?.I 
2.4 
0.3 
- - -  - - -  
bo.. - - 
I... - - 3.. 2- - 61.0 -3; 
39.8 
23.3 - - ".. - - - - - - - - lb-I W.8 *.e 31.1 - - I C 2  2b.9 22.1 - - tb-3 -a&* b.1 lb.b - - 
,%I - - - - 
Zl.1 - - - - 
bb.1 - - - . 
- 1 -  - - - 
H.2 - - w.. - - - - 
U.1 -. - 0 . 1  - - - - 
3I.b - - - - 9.8 22.3 - - 
21.2 - - s.3 2.3 
*.a w.2 - - 
..I *.a - - 
s.c 
..e 
. 31.1 - _- 
- - - - -- --m- . - ._ - --. 
11.. . bb.1 - - b7.2 - - - - 
l l .*  w.1 - - bI.? - - - - 
U.1 
?*A. _- - -2.1 . - - - - 
b1.q - - bb.3 - - - - *I 9b.e 11.3 n-? Y.. 5.3 
IC-3 bb.m 6.9 *.I - - 1I.b - - - - 
t?.* !.b 21.. - - n. - - - - 
L. mn SIC 
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.?.. .?.. - - -  
U.1 .. 
1.. 
Y. * - - -  
-..I 
1.c 
I C 3  .I.. 
-4 
21.1 
S I  
- - -  
.*.e 
99.1 
.LI 
K. 
U.. 
b1-I 
u-? 
K* 
.I.. 
9a.b 
W.b 
e.- 
- - -  
U.. %. 
LLb 
-0  - - I... -.* a . 1  - - - - - 
16. a9.1 .I - - - - - 
IT. SL- u . a  - - - - - *.a - - 21.. - - 
1b.l - - 1l.r 1b.l -.I - - - - - 
1s. -1.1 m. - - - - - 
11.- a. .?.I - - - - - 22.I - - 29.9 - - 
*.b - - ... .... .... - - - - - 
I*.* - - 11.9 a%. M.. - - - - - 
I. - - 7.9 2?.. 91.a - - - - - 
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nw" 
n. I -3.1 - - I?.. - 
.3.1 - - 2x.m - 
3 t . - .  - . - .I&.. -. . 
I..< - - 8.2 - 
1Y.2 - - e. - 
.I.? - - 13. - 
YI.8 - - ?... - 
._ It.C - - - I%* . -.: 
5I.C - - qb.0 - 
.?.I - - .?.I - 
10.1 - - n.1 - 
.@.a - - 2%. 12.. 
*.Y - - 
b2.B - - 
r,l - - 
11.1 - - 
*?.b .e - - 
n.c - - 37. 
?3.C - - *..e 
.. . . 
.I.. - - 
.Y. - - 
q1.1 - - 
. -  
.3.¶ - - 
Y2.l - - 
U.. - - ... c - - 
7.* - - ... C - - 
.7., - - 
31. - - 
I*.* : = 
.I,. 
U. 
b1.1 
.I.& 
11.1 
I..( 
l..I 
11.7 
.e 
**.I 
-.1 
'b.2 
10.. - - F.. 
21.3 - - ?9.* 
11.0 - - 1... 
.??.A -. L . -.-. . - - . -  - 
1Y.P - - - - - 3*.. - - 
2l .b - - 22.. - - - - - 
?I.. ~ -:. - 
...* - ... e - 
9 . 7  - 
Y.0  - 
e.* - 
.*.a - 
. . .% - 
W.O - 
* L a  - 
I1.b - 
m.3 - 
. m - i  - 
.I.( - 
.I.C - 
.?.C - 
*..e - 
a8.b - 
Y.l u. 
U.. - 
u.1 - 
2b.3 . H . 3  
11.1 - 
u.l - 
b9.1 - 
.? - - - - * . -  - - - 
1,.7 - - - - 
la. - - - - )... - - - - 
N.1 - - - - 
b1.Y - - - - 
,.*a - - - - 
.1? - - - - 
I*.. - - - - 
w.. - - - - ... y - - - - 
.I.* - - - - 
.I* - - - - 
bb.3 - - - - 
11.3 - - - - 
W.i - - -  - - 
3.v - - - -.a 
a. - - - - 
u-? - - - - 
. .  . - . . - -  -. - 
- -  
. .  2+1 - - - F.3 
?..a - - - - 
bb.1 - - - - 
31.. - - - - 
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U.* 
91.1 
H.. 
32- 
b U b  
MA 
K. 
. .... 1a.9 
I... 
19.9 
w.1 w.1 
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-- 
M.b - - 
??.I - - 
2V.I - - 
3x.r - - 
I... 
‘ ._. 
. I . *  
n.. - - 
w.c - - 
rr.4. - . - 
I..I - - 
%?.C - - 
93.9 - - 
-1  - - 
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